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Preventive Entomology’ 
P. N. Annanp, U.S.D.A., Agr. Res. Adm., Bureau of Entomology and Plant Quarantine 


Since the end of hostilities a number of 
extremely effective insecticides have be- 
come available to research workers and 
to the general public. A great amount 
of attention is being given to developing 
these new materials and to determining 
their place in the control of insects. 
Nearly every entomological publication 
is filled with references to alphabetical 
and numerical designations of insecticidal 
materials too new or too complicated to 
be dignified by more conventional names. 
The potency of these materials has in- 
trigued all of us and aroused hopes that 
many problems of direct control have 
been or are on the verge of being solved. 

The enthusiasm with which these new 
tools for insect control have been received 
and the attraction in doing work with new 
materials promising quick results have, 
I fear, directed attention momentarily 
away from many of the other important 
though less spectacular phases of insect 
control. The thought that work on insect 
biology, physiology, ecology, taxonomy, 
and other basic problems and on cultural 
and biological control is of little or no 
importance now that the giant killers have 
arrived may be persuasive to some. A 
review of the papers listed on the program 
of this meeting illustrates the trend. As 
far as can be judged by the titles, 45 out 
of 65 papers listed for presentation at the 
sessions of the economic entomologists 
deal with the use of new insecticides. It is 
suspected that others would be included 
if their contents were more fully revealed 
in the title. 

These comments are not intended as 
criticisms. Certainly, work on these re- 
markable materials is important and 
should be done. It is paying big dividends 
in terms of crops saved and in lessening 
the cost of control. Because of the urgent 


1 Invitation paper presented at the annual meeting of the 
American Association of Economic Entomologists at Richmond, 
Va., December 11, 1946. 


need for more effective control of many 
insects and of the great pressure for better 
methods, which is always especially ap- 
parent when crop values are high, there 
will be, and should be, a continuing inter- 
est in this aspect of entomology.. With it 
all, however, we must remember that 
chemical control is costly and that out- 
breaks of any one of a number of kinds 
of insects frequently result in severe losses 
in spite of the availability of effective 
methods of control. For example, the 
average annual loss due to grasshoppers 
during eight years of outbreaks was 
$47,000,000, with an annual control cost 
of $2,700,000 to the Federal Government 
and an expenditure of at least as much by 
cooperating states, counties, and individ- 
uals. At the same time the value of the 
crops saved was much larger than the 
losses, and it was the general opinion that 
the control programs had been highly 
effective. Similar losses could be cited for 
other insect outbreaks. 

An outbreak of insects is a thoroughly 
undesirable happening, even though we 
may be able to curb it when it arrives. 
Although methods of treating crops for 
insect control can and should be im- 
proved, it seems most likely that even 
with the best methods there will still be 
crop losses associated with heavy infesta- 
tions. These probable losses impel con- 
tinued and intensified attention to means 
of preventing such infestations in addition 
to prescribing a dose of medicine after the 
patient becomes sick. The old adage about 
an ounce of prevention being worth a 
pound of cure is still in full force and 
effect. As in the field of human diseases, 
there is an important preventive aspect 
to entomology which must not be furgot- 
ten or neglected. The availability of po- 
tent new drugs does not suggest ignoring 
sanitation, immunization, isolation, and 
good hygienic practices. 

The division between preventive en- 
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tomology and direct control is not a dis- 
tinct one. In fact, some prevention is de- 
pendent on the application of direct con- 
trol so timed or so directed as to make 
such control in other instances either un- 
necessary or more effective. Upon close 
examination we find that one field merges 
so imperceptibly into the other as to leave 
doubt as to what is meant by the term 
“preventive entomology.” It might in- 
clude all control of insects, inasmuch as 
control by any method might be supposed 
incidentally to reduce the intensity of in- 
festations and thus prevent extensive 
spread. The term in this discussion, how- 
ever, will refer to those activities which 
are aimed to reduce spread or to limit the 
extent of outbreaks and the amount of 
direct control required, as distinct from 
activities having as their object the pro- 
tection of a given crop, when the infesta- 
tion is present, primarily for the benefit 
of the owner whose crop is infested. 

Although time will not permit a de- 
tailed discussion of preventive entomology 
in the United States, it seems worth 
while to take stock of its present status 
and to indicate some requirements for a 
more fully effective and more systematic 
procedure. 

QUARANTINES.—Foreign quarantines 
to prevent the establishment of the thou- 
sands of destructive pests which have not 
yet gained entrance into the country and 
domestic quarantines to restrict their 
spread, should any of them be found here, 
are generally recognized as important 
instruments in any preventive system. 
Although they have undoubtedly been 
helpful in the past and will continue to be 
valuable in the future, they do not pre- 
sent the perfect barrier to insect or dis- 
ease introduction and dissemination that 
has been visualized by many. At best, 
quarantines must be a compromise be- 
tween the perfect protection desired and 
the necessities of a country whose citizens 
must have commercial intercourse with 
their neighbors whether foreign or do- 
mestic. For complete protection from 
artificial movement of pests, all trade and 
travel between quarantined and unquar- 
antined areas would have to be reduced 
drastically or stopped altogether. Foreign 
quarantines have, of course, an advan- 
tageous position, inasmuch as foreign 
commerce is channeled through certain 
ports where safeguards can be more 
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readily applied. With the advent of air- 
planes and the increase of both passenger 
and freight or express traffic into interior 
ports, and with the increased speed of 
movement accompanied by the greater 
hazards due to possible “hitch-hikers,”’ 
and with the short period required for 
survival of insects in transit, the advan- 
tage to foreign quarantines as compared 
with domestic ones is materially reduced, 
although the shortened time in transit 
adversely affects both. Movement by air- 
plane is a special hazard which is being 
discussed elsewhere at these meetings 
more fully than I can attempt here. 

Imperfect though they are, quarantines 
do give a large measure of protection par- 
ticularly against known pest hazards. 
They should be intelligently strengthened. 
In considering means of improving quar- 
antine safeguards it should be borne in 
mind that quarantines have two functions 
—(1) to prevent the entrance of pests new 
to or not widely distributed in the United 
States, and (2) to facilitate the movement 
of commerce by the application of treat- 
ments and other safeguards, when such 
can be used, in lieu of embargoes. They 
are not intended to serve in place of 
tariffs, and they must be maintained on a 
biologically sound basis. To be fully ef- 
fective they should be based on knowledge 
of the occurrence, distribution, abun- 
dance, hosts, and habits of harmful pests 
at home and abroad. 

Information on the occurrence of 
dangerous pests abroad, which should 
be suspect as dangerous to domestic 
crops, and on possible avenues for their 
artificial dissemination is far from ad- 
equate. Such information as is now 
available must be gleaned from the 
literature—obtained from occasional and 
sporadic reports from American ento- 
mologists who have been abroad for one 
reason or another—and from findings of 
inspectors after products have arrived at 
the port of entry. Much more dependable 
and accurate information could be ob- 
tained by sending abroad specialists from 
this country to survey areas from which 
our most important and hazardous im- 
ports come, as a basis for determining 
whether our restrictions are adequate or 
whether they are more severe than the 
actual situation justifies. Data obtained 
through such foreign surveys would be 
very valuable to the intelligent direction 
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of quarantine action, even though general 
surveys abroad might not be practicable. 
A few such investigations of individual 
pests have been made. They should be 
established as a continuous adjunct to 
quarantine operation. Difficulties asso- 
ciated with a program of this kind include 
not only the difficulty in obtaining funds 
for foreign work as a continuous program 
but also the problems connected with ob- 
taining agreements with foreign countries 
to which the specialists might be sent. 

A number of modifications should be 
made in the Plant Quarantine Act for 


more effective protection. For example, 


we lack authority to deal with emergen- 
cies and are handicapped when a situation 
not covered by promulgated quarantines 
arises, in providing safeguards against 
the introduction and spread of injurious 
foreign plant pests. Unquestionable au- 
thority should be given to the Bureau to 
function as a border clearance agency 
along with Customs, Immigration, and 
Public Health. Authorization should be 
given to place restrictions on the volume 
of nursery stock permitted entry and for 
post-entry control of this and other com- 
modities where pest risk justifies such 
action. The handling of garbage from 
foreign carriers should be regulated to 
give protection against pest and disease 
hazards. Provision should be made for 
prohibiting or restricting materials other 
than nursery stock, plants, and plant 
products which may be capable of carry- 
ing injurious pests, such as soil, stone, or 
quarry products. There are others. 

Treatments for freeing cargoes and 
carriers from dangerous pests should be 
further developed and given as_ broad 
application as their effectiveness justifies, 
not only to reduce risks, but to insure the 
maximum freedom for movement of prod- 
ucts. 

Inspection at port of entry should be 
made as effective as possible, not only as 
an aid in excluding pests, but also to be 
sure that the material being shipped is as 
it is represented and to obtain a current 
check on the effectiveness of the quaran- 
tines. As suggested above, these inspec- 
tions now provide one of our best means 
of knowing what pests are carried by 
various products and of developing in- 
formation on their geographic distribu- 
tion. 

Detection OF New Pests.—In spite 
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of all the improvements that may be 
made, it is not likely that all destructive 
insects not now present in this country 
can be permanently excluded. In the past 
discovery of newly introduced pests has 
been largely accidental, often after they 
have gained a strong foothold and are too 
firmly entrenched for successful eradica- 
tion. As a second line of defense, plans 
should be perfected for their detection 
as soon after introduction as possible so 
that steps may be taken to eradicate or 
restrict them. 

A program for this purpose has never 
been developed in this country. The near- 
est to it were the port surveys conducted 
during the war by the Bureau in coopera- 
tion with certain States to guard against 
purposeful introduction of plant pests. 
These surveys were made by crews of 
three to six men each headed by a leader 
well trained in entomology. The crews 
worked along the Atlantic, the Gulf, and 
the Pacific coasts and the Mexican border, 
following the seasons so as to take ad- 
vantage of most favorable periods for the 
collection of insects and diseases. Field 
examinations were made of all important 
crops in areas surrounding ports and 
along the seaboard where new pests might 
have been introduced. Collections were 
made of the insects present on crops. 
These collections were carefully sorted 
and then submitted to the taxonomists 
for identification. Owing to the systematic 
organization and the concentration on 
specific areas and on a limited number of 
host plants, a reasonably good coverage 
was obtained. Men on the regular quaran- 
tine staff supplemented the work of these 
crews by making field surveys as oppor- 
tunity afforded. 

A similar plan has been suggested for 
application to the entire United States 
to cover not only all border and maritime 
port areas but interior points, particu- 
larly airports, as well. Such a plan would 
have certain advantages, but would be 
difficult to carry out because most com- 
petent men in normal times would object 
to the nomadic existence such an assign- 
ment would entail. It would also be costly 
for such wide coverage. Cooperative ar- 
rangements might be made between the 
States and the Bureau in which available 
personnel of all agencies would be utilized, 
with the addition of some specialists to 
organize and encourage the needed col- 
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lections and to assist with the direct col- 
lection of survey data. Such an arrange- 
ment could not be made, however, with 
funds now available to the Bureau, and 
probably a similar situation exists with 
the States. 

Nevertheless, I think you will agree 
that too little is known about what insects 
are here, either native or introduced, and 
that there are too few attempts to main- 
tain a current surveillance for the occur- 
rence of possible new additions to them. 
Some State Entomologists have made or 
are making detailed surveys of the insect 
fauna in their states and a number have 
made lists of such insects. These lists are 
very useful and a necessary background, 
but they can be completed and kept cur- 
rent only by persistent field surveys. It is 
hoped that recent attempts by some 
States to establish and maintain a con- 
tinuous survey of insect pests will be suc- 
cessful and that similar programs will be 
initiated by others. The task of determin- 
ing what species occur here is a stupen- 
dous one; it cannot be done at once or by 
a single agency; it requires the coopera- 
tive effort of all who are in a position to 
further the objective. Knowledge of the 
distribution of known introduced species, 
such as the oriental fruit moth, the potato 
tuber moth, the Chinese scale, and Hall’s 
scale has been increased by a number of 
cooperative surveys aimed at delimiting 
the areas they cover. These surveys have 
been useful and necessary where quaran- 
tines are involved and will undoubtedly 
be continued as occasion demands. They 
do not by any means fill the need. 

Surveys, especially of the detection 
type, place a heavy burden on the taxon- 
omists. Their services are indispensable 
in this activity. Taxonomy is _ inade- 
quately staffed and poorly financed in 
most institutions. It has been the poorly 
dressed, overworked servant of economic 
entomology. So overburdened by the 
demands for determinations, many taxon- 
omists including those in the Bureau of 
Entomology and Plant Quarantine—I 
might say especially those in the Bureau— 
are able to make few contributions to the 
science except by dint of long hours of 
overtime work, although they are ex- 
pected to be able to identify promptly 
any insect presented to them, whether 
indigenous or exotic. Any well-considered 
plan of preventive entomology should 
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provide for adequate staffs in taxonomy 
to make the needed determinations within 
a reasonable period and to conduct the 
research necessary for this purpose. 

Status Surveys.—So far I have been 
discussing the importance of detecting 
new pests, of knowing what species are 
already here, and of making surveys to 
obtain this information. In addition, a 
good system of prevention must recog- 
nize the need for knowing the status of at 
least the more destructive native insects 
and introduced species now established 
in the country, as a basis for public or 
private action in initiating control. For 
many years the Bureau with the coopera- 
tion of the states has been maintaining 
the Insect Pest Survey as a regular though 
inadequately financed activity. Up to and 
during a part of the war period, this was 
largely a cooperative crop-pest reporting 
service, in the sense that the cooperators 
reported insect outbreaks to the Pest 
Survey and subsequently the Washington 
office of the Survey made a consolidated 
monthly report to the state and Bureau 
workers and issued an annual summary. 
As a means of recording outbreaks and of 
maintaining information on the historical 
importance of various species and of their 
destructive occurrence, this Survey has 
been and will continue to be very valuable. 
The work has been generally supported 
by contributions of information from 
many state and federal workers, and 
the staff assigned to it has gotten the 
maximum return from the investment, 
but owing to inadequate financing it has 
fallen far short of what we believe such a 
survey should accomplish. Rather than 
being static, as historical repositories are 
apt to be, it should be dynamic. Reports 
of insect outbreaks and damaging infesta- 
tions should be made while they are in 
progress or before—in time for responsible 
individuals or agencies to warn growers, 
provide for an adequate flow of the 
proper insecticide, or take such other 
action as might be appropriate to reduce 
or prevent insect damage. 

Beginning during the war and con- 
tinuing through the summer of 1946, 
funds were made available as an emer- 
gency measure to maintain a field survey 
of the insects attacking important crops, 
especially those requiring critically short 
insecticides for control. The increased 
funds made it possible, through coopera- 
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tion with state workers and most of the 
Divisions of the Bureau, to detect in the 
early stages many outbreaks of important 
crop species. These were promptly re- 
ported to the interested states and to the 
Bureau in Washington. The Bureau in 
turn issued weekly reports, or more fre- 
quently if the situation required, to state 
workers and insecticide companies, so 
that the available insecticides could be 
channeled to the places where they would 
do the most good. Some of the states 
have well-developed reporting systems 
for specific crop insects, such as the cod- 
ling moth and other fruit insects, which 
were taken advantage of in completing 
the current picture of the status of insect 
pests. This type of survey was given 
excellent cooperation by many state 
entomologists, industry representatives, 
and private persons and would have been 
comparatively ineffective without such 
assistance. The survey reports were re- 
ceived enthusiastically by industry and 
formed the basis for intelligent distribu- 
tion of the insecticides which were in 
critically short supply. We believe this 
has demonstrated the value of this type 
of activity and that such surveys should 
be included in the development of a pro- 
gram of preventive entomology. 

As outlined by W. L. Popham at the 
Pacific Slope Branch meeting last June, 
a plan is under consideration which would 
permit federal assistance to states in 
carrying out certain types of surveys. 
This would involve establishing several 
field offices, each staffed with one or more 
men well trained in survey procedures 
and the necessary clerical help, and given 
limited authority for expanding with 
seasonal help when conditions warrant. 
These offices would provide a means of 
ready contact with State officials and 
others in a position to contribute toward 
an organized survey program. An impor- 
tant part of their assignment would be to 
promote interstate cooperation on prob- 
lems of regional interest, to assist in co- 
ordinating the efforts of agencies or indi- 
viduals in a position to gather information 
on the occurrence and development of 
crop pests, and to serve as an assembly 
station and clearing house for informa- 
tion of interstate concern. These offices 
and their personnel might also be avail- 
able for surveys of new pests of quaran- 
tine interest when required. 
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The future might well see an organized 
crop-pest reporting service comparable 
to the reporting service now given to the 
farmers on the weather, so that the status 
of the two most important factors affect- 
ing crops would be reported to them. The 
crop-pest reports might have certain ad- 
vantages over weather reports. It would 
at least be easier to advise the farmer what 
to do about it if the outlook were unfavor- 
able. Even now a limited amount of fore- 
casting is possible with certain insects. 
We can tell fairly accurately well in ad- 
vance the population prospects for grass- 
hoppers, chinch bugs, beet leafhoppers, 
cotton boll weevils, and others. Added 
information developed by research on the 
etiology of outbreaks and on the factors 
affecting abundance—such as the effect 
of climate on the relationship between 
abundance of parasites and host popula- 
tions, the effect of abundance and scarcity 
of alternate or favored host, and the in- 
fluence of resistant or tolerant hosts— 
might make possible the issuing of fore- 
casts of great value and with an increasing 
degree of accuracy at longer range as ex- 
pare and observational data accumu- 
ate. 

The need for cooperative effort, utiliz- 
ing facilities from all sources, to carry out 
surveys on forest insects, and for author- 
ity and funds to attack, cooperatively, 
infestations when they are small, is fully 
as great as for crop species, and in some 
ways greater. For example, 3 to 3.5 billion 
board feet of high-quality spruce has al- 
ready been killed by an outbreak of bark 
beetles in Colorado now in progress. 
There are 350 to 375 thousand acres of 
Douglas and true fir in Idaho now seri- 
ously infested with the Douglas-fir tus- 
sock moth, and 150 thousand acres likely 
to be killed next year if no control is ap- 
plied. Both these outbreaks might have 
been prevented if they had been detected 
early and control measures had been 
taken. Cases of this kind have occurred 
repeatedly with bark beetles and other 
forest insects. 

The annual loss of timber due to forest 
insects exceeds that due to fire and in 
many areas exceeds the volume annually 
cut for lumber. Adequate detection re- 
quires constant attention by trained sur- 
veyors. Control"is usually so ‘expensive in 
terms of cost of the operation and of the 
timber lost in the process, that it is 
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economically possible only on relatively 
small areas, and preventive measures must 
be applied before large areas are infested. 
Cooperation of all land owners and land- 
managing agencies is essential, as insect 
infestations, like forest fires, are not re- 
specters of ownership or political lines. A 
bill introduced in the 79th Congress to 
provide authority for detection surveys 
and for cooperative control of forest-pest 
outbreaks did not receive consideration 
before adjournment. It seems likely that 
a similar bill will be introduced in the 80th 
Congress. 

SUPPRESSION OF OvuTBREAKS.—Early 
and organized suppression of incipient 
outbreaks and eradication or control of 
introduced insects when this appears 
feasible have an important part in a pre- 
vention program. Both have a place now 
in the federal and state programs. Both 
must be based on adequate detection and 
delimiting surveys—more adequate than 
now available—if maximum success is to 
be obtained. An aid to effective operation 
where promptness of action is essential 
has been found in the funds appropriated 
by Congress for cooperative control of 
incipient and emergency outbreaks of in- 
sects and plant diseases. These funds have 
been a great aid in control of emergency 
outbreaks of grasshoppers, Mormon crick- 
ets, and chinch bugs, and incipient out- 
breaks of a number of pests, such as the 
white-fringed beetle, pear psylla, golden 
nematode, and Chinese scale, which are 
new to the areas involved. The ability to 
act immediately is so important to the 
success of these operations that similar 
authorizations and funds should be made 
available by state legislatures. The fed- 
eral legislation rightfully anticipates state 
cooperation in the activities conducted 
under it. States have cooperated freely, 
but the greater amount of cooperation 
has come from farmers, counties, and local 
communities. Greater participation by 
the states in financing these operations 
would add effectiveness and _ flexibility 
and would give assurance of official state 
interest beyond that of the entomologists 
directly involved in the programs under 
way. 

BIOLOGICAL AND CULTURAL CONTROL. 
—To aid in the prevention of high popu- 
lations of insects and local or widespread 
outbreaks of damaging species, there are 
a number of indirect methods which 
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should be utilized to the maximum extent 
consistent with present knowledge, and 
further facts should be obtained so that 
use of these methods may be extended. 
Biological control by means of parasites 
is one. It has been rather widely used with 
varying degrees of success. There have 
been a sufficient number of cases where 
biological control has been secured to the 
degree that no other controls are needed 
to lend support to continuing such efforts 
against suitable insects where the num- 
ber of parasites or species introduced 
has been inadequate to give a satisfac- 
tory determination of their value. The 
high toxicity of some of the new insec- 
ticides to parasites must be evaluated, 
and in individual cases it may suggest 
that parasites are contra-indicated. The 
effect of insecticides on native and 
introduced parasites should be studied 
in more detail than has yet been feas- 
ible. Since the onset of the war the ship- 
ment of foreign species of parasites to the 
United States for colonization has been 
drastically reduced. Although the South 
American laboratory of the Bureau’s Divi- 
sion of Foreign Parasite Introduction 
was maintained on a minimum basis dur- 
ing the war, collections in other parts of 
the world have practically ceased. In- 
troductions of parasites of possible value 
against pests on important crops should 
be brought back to previous levels with 
due regard to new factors which might 
modify selections. The possibilities in the 
use of diseases of insects and in the mass 
rearing of parasites for control, as well as 
for establishment, have not by any means 
been exhausted. 

Another aid to the prevention of high 
populations involves the widespread use 
of cultural practices adverse to insect 
development. Many such practices are 
now utilized to some extent, but the full 
value of many is not realized because they 
have not been completely adopted by 
farmers. In other cases appropriate cul- 
tural practices have not been worked out 
and recommended. Selection of planting 
dates and appropriate treatment of soil 
after harvesting, removal of weeds and 
crop residues which favor or harbor pests, 
and crop rotation—all are still worth in- 
cluding in a prevention program and de- 
serve continued study for their appli- 
cability to additional crops and _ insect 
pests. 








i- 





August 1947 


The development of insect resistant or 
tolerant varieties of crops when this can 
be done, and the widespread use of these 
varieties whenever research shows such 
use is indicated, will be of increasing im- 
portance in preventing high insect popu- 
lations or in reducing their injury as 
measured by crop losses. 

The use of cultural practices and resist- 
ant varieties requires consideration of 
many factors and emphasizes the need of 
coordinated, cooperative planning with 
all agencies concerned with development, 
production, and management programs. 
Entomologists must take an active, even 
an aggressive, part in all such programs 
when pest control is essential to quality 
and quantity production. 

Roe or RESEARCH IN A PROGRAM OF 
PREVENTIVE ENntTomMoLoGcy.—It is pos- 
sibly not necessary for me to point out 
to this group that the full realization of a 
program of preventive entomology de- 
pends to a very large extent upon re- 
search. It will advance slowly until more 
adequate information is available to guide 
the operations and to point out methods 
and means of application. Research on 
new chemicals and methods of applying 
them is, of course, a phase of this research, 
but I refer more particularly to studies 
having to do with improvement of survey 
and detection methods; with the etiology 
of outbreaks of the major crop and forest 
species; with the effect of weather, rela- 
tive number of parasites, land cover, and 
the occurrence or absence of favorable 
hosts on population development; with 
the ecology of important pests as they 
occur in the United States; and with 
many other factors which affect the ebb 
and flow of insect populations or which 
restrict the spread of insects through en- 
vironmental controls. 

EpucaTION AND DEMONSTRATION.— 
It is a very human trait to delay action 
until an emergency is in sight. There are 
many losses, often of considerable magni- 
tude, which are permitted to occur 
through laxity in the application of proved 
control methods or through a lack of in- 
formation as to what the methods are 
and what can be expected from their 
application. It is doubly hard to persuade 
farmers to take preventive action before 
an emergency appears, particularly since 
cause and effect are frequently so sepa- 
rated in time that the farmer is not con- 
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vinced of any real connection between 
them. Such persuasion requires a great 
deal of education and demonstration. 
Demonstration of the effectiveness of 
preventive measures is frequently not so 
simple as in the case of direct control. Fall 
baiting of grasshoppers, for example, as a 
means of reducing populations the fol- 
lowing spring, is now being accepted in 
a number of places in the grasshopper 
area, and rather thorough-going coopera- 
tion is being obtained from farmers. This 
cooperation, however, has been obtained 
only through much effort by State and 
Federal entomologists and by demon- 
stration of what actually can be accom- 
plished, at least in certain areas, by this 
procedure. 

These difficulties are not insuperable 
provided there is a satisfactory program 
for extension and education. At the pres- 
ent time only 32 of the 48 states employ 
extension entomologists. In these states 
the number per state ranges from four 
full-time men in one state to one-third 
of a man’s time in another state. Consid- 
ering the magnitude and diversity of the 
entomological problems, it is my feeling 
that extension entomology is less ade- 
quately provided for by specialists than 
is almost any other of the special exten- 
sion fields. Although it is recognized that 
many entomologists assist farmers in 
insect control as a part of their regular 
work, much of this is of an emergency 
nature and is not generally directed to- 
ward furthering well-organized educa- 
tional programs. This shortage often 
makes it impossible to obtain adequate 
utilization of the information now avail- 
able on measures of value in preventing 
insect outbreaks. It severely restricts the 
opportunity of carrying experimental re- 
sults to large-scale field tests so that the 
maximum benefit can be obtained both 
as a final step in the research process and 
in educating the extension agents and the 
public. 

The responsibility of the research ento- 
mologist should not end until the method 
being investigated has been demonstrated 
on a considerable scale by the ultimate 
user. These demonstrations should be 
carried out in direct cooperation with 
extension workers, as in some cases they 
are. I have no doubt that the improve- 
ment in insect control would repay many 
times the cost which would be entailed in 
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adding the extension workers in ento- 
mology needed to effectuate a thorough 
educational and demonstrational program 
on all the major insect pests. It is particu- 
larly important that there be sufficient 
contact between research and extension 
so that new methods may be adopted 
without too great delay, and so that diffi- 
culties which arise when the methods are 
placed in the hands of farmers may be 
ironed out through additional research. 
Certain states have worked out an ex- 
tremely satisfactory liaison between re- 
search, extension, and industry in formu- 
lating and recommending to growers new 
methods and new materials. It is a field 
in which much improvement could be 
made with benefit to the farmer and to 
all the agencies concerned. If maximum 
utilization and effectiveness are to be 
obtained from crop-pest reporting, exten- 
sion entomologists and county agents 
should be brought into the picture as 
thoroughly as possible so that prompt 
action may be taken on the basis of cur- 
rent information. 

Conciusion.—The foregoing discus- 
sion has been directed particularly toward 
crops and forests. No mention has been 
made of livestock pests, pests of man, 
vectors of diseases, and household pests. 
The same general principles apply. In 
fact, application of the preventive princi- 
ple has in many cases gone further in 
these fields than in others. Many of the 
recommendations for control are based 
on prevention. For example, termite con- 


JOURNAL OF Economic ENTOMOLOGY 


Vol. 40, No. 4 


trol is basically preventive. Sanitation is 
recommended for house fly control 
through elimination of favorable breed- 
ing areas and media. Drainage and elim- 
ination of breeding areas for mosquitoes 
are recommended, and now even the de- 
struction of adults to eliminate egg de- 
position is a possibility. Early treatment 
of cases of screwworm infestation to pre- 
vent outbreaks is a standard procedure. 
These practices are excellent illustrations 
of a principle deserving wider application. 
Preventive entomology is in its infancy. 
A fully satisfactory program cannot be 
developed overnight. Success requires 
cooperation between Federal, State, and 
county workers, farmers, and industry to 
a greater extent than is required by most 
other activities. Much research in a di- 
versity of fields is essential to its develop- 
ment, as is knowledge gained only in the 
school of experience. Education of the 
public in the ways of insect control will 
be needed. Factual information on the 
occurrence and abundance of insects must 
be more plentiful and more timely. Ex- 
clusion of new pests must be effectively 
maintained. To reach the ideal in the pre- 
ventive phase of entomology, much must 
be done which cannot be accomplished 
with present knowledge, funds, personnel, 
and facilities. With purposeful use of the 
knowledge and facilities now available 
and with planning for the future designed 
to fill the gaps in our protective armor, a 
reasonably well-rounded and_ effective 
program can be developed.—3-27-47. 





EASTERN STATES BRANCH TO MEET 
IN PHILADELPHIA 


The annual meetings of the Eastern States Branch 
of the Association will be held in Philadelphia, Pa., 
on November 20 and 21, 1947. Headquarters will be 
in the Hotel Benjamin Franklin and members and 
visitors should make their reservations as promptly 
as possible. Titles of papers to be presented should 
be sent to Dr. B. F. Driggers, Secretary, New 
Brunswick, New Jersey, by the last week in October. 








Many people have heard the statement 
that bee stings will cure rheumatism. It 
appears that very little effort has been 
made in most countries to find out wheth- 
er or not the statement is true. 

In rare instances certain individuals 
suffering intense pain have induced bees 
to sting them. Two such cases have come 
to the writer’s attention. The first was a 
young man who suffered from arthritis 
of the upper extremities. He obtained 
employment in a queen yard, and the 
arthritis was completely cured in one 
summer’s work with bees. Another young 
man was so badly afflicted with arthritis 
that he had to drop out of college. In des- 
peration he stripped to the waist, stepped 
in front of a bee hive, and poked in the 
entrance with a stick. The bees stung him 
38 times. One week after he was stung he 
was back in college, apparently cured of 
the arthritis. There are probably innum- 
erable cases such as these throughout the 
world, yet there is little information 
available to support the use of bee sting 
therapy for the above-named disease and 
their various modifications. 

Review or Earty Worx.—<According 
to Bodog F. Beck, M.D., in his book, 
“Bee Venom Therapy,” many European 
laymen and a few physicians believe that 
bee stings are a cure for arthritis, rheu- 
matism, and neuritis. It seems that Philip 
Tere, a noted practitioner of Marbury, 
Austria, was the most outstanding cham- 
pion of bee venom therapy in Europe. Dr. 
Tere suffered from an obstinate case of 
rheumatism. He was accidently stung by 
a number of bees, after which his rheu- 
matism disappeared. In 1879, he treated 
a lady for neuralgia. He administered 90 
bee stings to her head without noting any 
improvement. He applied 15 more to her 
neck and shoulders, after which her pains 
suddenly left her. It is reported that she 
was permanently cured. Tere finally de- 
voted all of his practice to bee sting ther- 
apy. He was convinced that almost all 
true arthritis and rheumatism can be 
radically and permanently cured with bee 
stings except where ossification has taken 
place. In 1889, Tere gave a lecture on his 
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specialization before the Medical Society 
at the Imperial University of Vienna. 
The lecture was poorly received, but Terc 
continued to practice bee sting therapy 
successfully over a period of 40 years. 
His treatments varied from a few stings 
in early, light cases to 150 to 200 stings 
per day in acute or chronic cases. In 1902, 
Tere started treating a young lady who 
was suffering from arthritis deformans. 
The joints of her extremities were swollen 
and stiff; she had been bed-fast for most 
of two years. The treatment started in 
March, and by November she had re- 
ceived 5,600 stings. At this time the 
patient had improved considerably. By 
the following September she was free of 
pain, was in good physical condition, and 
could walk for hours. She received further 
treatments at intervals for four years. In 
all she received 15,000 stings and was 
permanently cured. This is an example of 
an extreme case. Many cases were cured 
with a few stings. In 1912 Terec’s son, a 
noted eye surgeon, published the results 
of 660 cases of arthritis and related forms 
that his father had treated with bee 
stings. The results were: cured 544, im- 
proved 99, unimproved 17. 

In the United States, relatively few 
physicians have used bee venom or living 
bees for arthritis treatment. The late Dr. 
Bodog F. Beck of New York City was 
the leading exponent of bee therapy in 
this country. He claimed to be successful 
in 80 per cent of his cases. Until 1933 he 
used prepared venom; later he used living 

s. 
PRocEDURE.—The experiments con- 
ducted by the writer in applying bee 
stings for varying arthritic conditions 
have been few but interestiny:. Before 
treatments were begun, each .patient 
was required to have a thorough exam- 
ination by the family physician or a spe- 
cialist, and have the physicain make a 
request for the treatment. The first 
treatment consisted of a test sting in order 
that the patient’s reaction could be ob- 
served. Regular treatment was begun if 
there were no unusual reactions to the 
test sting. The stings were placed on the 
affected area and allowed to remain im- 
bedded for 3 to 5 minutes. The bees were 
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handled with forceps, and the stings were 
removed with forceps. Applications of 
stings were made at 3- or 4-day intervals. 

TREATMENT AND Resutts.—Case No. 
I, male, 45 years of age. This patient had 
arthritis of the right knee. The knee was 
painful, stiff, and could not be fully 
flexed. The condition had been acute for 
about 2 weeks. Symptomatic pains had 
existed intermittently for over a year. A 
treatment of three stings was applied to 
the knee May 1, 1945. Within 2 days all 
pain and stiffness had left the treated 
knee. 

Within a week arthritis appeared in 
the patient’s right wrist. One treatment 
of eight stings was applied to the wrist. 
All arthritis disappeared in 3 days. 

Six months later an arthritic condition 
developed in the left shoulder and arm. 
The pain was of the dull, aching type. 
An occasional sting in the shoulder gave 
temporary relief. This condition persisted 
until September, when the patient re- 
ceived 40 to 50 stings on each hand and 
wrist while working with an infuriated 
colony of bees. Within 10 days the pains 
had completely disappeared and have not 
returned to this time. 

Case No. II, male, 28 years of age. 
This young man had suffered from arthri- 
tis for 10 years. His case had been diag- 
nosed by many specialists throughout the 
eastern United States as arthritis. It was 
said to be nonsyphilitic and non-gonor- 
rheal. He had been treated by many spe- 
cialists with practically no relief. Both 
knees were swollen and painful. His neck 
was stiff, and his neck and left side of his 
back were painful. The toes of both feet 
were considered by his doctor to be too 
badly ossified for treatment. One toe had 
been amputated. These conditions caused 
him to wear knitted supports around each 
knee and around his back. For the past 2 
years he had taken an average of 10 as- 
pirins per day, and was taking 30 aspirins 
per day when the treatment began. This 
case was taken on the written request of 
his physician. 

The first treatment was given July 20, 
1942. Additional treatments were given 
twice a week until July 14, 1943. During 
this period 502 stings were administered 
with never more than 18 stings per treat- 
ment. The stings were applied to each 
knee, to the back, and to the neck. The 


only reaction shown to the first stings was 
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a slight redness for a radius of 3 inches 
from the area of sting contact. On July 
24, signs of improvement were distinct 
and by July 27 the larger of the two knees 
was practically normal. The other knee 
was only slightly swollen by this time. 
On August 12, the knitted knee bandages 
were discarded. The stings were now pro- 
ducing more inflammation than formerly. 
There was some arthritic swelling in the 
knees on September 21: more than at any 
time since the first few treatments. The 
patient called it a minor flare-up compared 
to what regularly took place practically 
each week before the treatments began. 
Due to his traveling, the patient had re- 
ceived only three treatments in those last 
three weeks. Additional treatments and 
observations were made as follows: 

October 9, began treating neck; knees 
and back were much improved. There 
was no swelling in knees and only an oc- 
casional pain; much less pain in back. 

November 13, first treatment in 2 weeks 
general physical tone of patient much 
improved. Practically no swelling in 
knees and much less pain in back and 
neck. 

December 19, patient reported no pain 
in neck and knees, but some in back. 
There was practically no swelling in 
knees. 

January 14, doctor examined knees, 
pronounced them within 2 per cent of 
normal, and said, “They can never be 
nearer normal than that.” Stiffness was 
leaving neck. 

February 20, knees seemed to be nor- 
mal, back better. Practically no pain in 
neck. 

May 1, first treatment since February 
20. Swelling of left knee occurred be- 
tween treatments; lasted 2 days. Neck 
was much improved. Still pains in back. 
More pains in knees than when treat- 
ments were regular. Sixteen stings were 
given at this treatment. Within 30 min- 
utes after treatment there was a slight 
itching and reddening of the hands, the 
first signs of supersensitiveness. 

June 15, six stings were given; palms of 
hands turned red and itched. 

July 7, six stings were given: super- 
sensitive signs appeared on hands in 15 
minutes. 

July 14, eight stings were given: super- 
sensitive signs appeared within 4 minutes 
after treatment. In 15 to 20 minutes the 
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patient’s face was red, and he said that 
his nose felt very large. He was sent to a 
hospital where adrenalin was given. 
Within 2 hours, relief was experienced. 
The patient was relieved from pain in 
back the night of treatment, whereas re- 
lief normally did not occur until 2 days 
after treatment. 

No further treatments were given this 
patient due to his developed allergy or 
supersensitiveness. The patient moved to 
another state and has not been heard from 
since. 

This case was an extreme type. For 10 
years the patient had cronic arthritis 
with acute flare-ups almost weekly. Bee 
stings greatly improved the arthritic and 
general condition of the patient. He had 
gained weight, his eyes were brighter, he 
walked better, assumed a straighter pos- 
ture, and suffered little pain in compari- 
son to pre-treatment. He had quit using 
aspirin, whereas he was taking 30 aspirin 
tablets per day before treatment began. 
He might have been completely cured 
had it been possible to have finished the 
treatments. 

Case No. III, female, 36 years of age. 
This patient had arthritis of the right 
shoulder and elbow. It was an acute case 
of about 10 days duration. The patient 
had not been able to sleep for several 
nights due to severe pains in the right 
shoulder and elbow. On January 4, 1943 
one sting was applied to the afflicted 
shoulder and one to the inner surface of 
the elbow. The swelling and inflammation 
from the sting at the elbow spread almost 
to the hand. Soreness and swelling lasted 
about a week. The subject received relief 
from arthritic pain the first night and was 
able to sleep. All arthritic pain disappeared 
within 2 days. Some soreness and 
swelling from the sting persisted in the 
shoulder and forearm for about a week. 
On February 18, 1944, arthritis recurred 
in the same shoulder. The attack was 
much more severe than the first one. Dull 
aches and pains had occurred for 2 weeks. 
The general physical condition of the 
subject was adversely affected. She had 
lost her appetite and her mental attitude 
was extremely low. Finally she was unable 
to move the arm. It was then placed in a 
sling. Two stings were administered to 
the shoulder February 18. The shoulder 
and arm were normal in 3 days. There has 
been no recurrence of the arthritis to date. 
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Case No. IV, female, 63 years of age. 
This case was diagnosed by the patient’s 
doctor as neuritis. The duration had been 
for over a year. The left shoulder was so 
severely afflicted with pain that the sub- 
ject was not able to sleep well. Many 
nights she had to sit up in bed due to the 
severity of pain. Treatments by her 
physician had given no relief. On July 7, 
1943 two stings were applied to her upper 
arm near the shoulder joint. There was 
practically no visible reaction to the 
stings. The subject complained of re- 
ceiving no relief the first night after the 
stings were given. July 8, five stings were 
given on the upper arm; by that night the 
patient’s arm was practically free of pain 
for the first time in a year. On July 10, 
six stings were applied to the upper arm. 
The patient was completely relieved of all 
pain in the treated arm and has had no 
recurrence to date. 

Case No. V, female, 30 years of age. 
The fingers, hands, knees, ankles, and 
feet of this subject were affected by ar- 
thritis. There was rather severe pain and 
swelling in the various afflicted parts. The 
case was of about four months duration. 
The subject had been treated by a special- 
ist and later by a general practitioner. 
The sting treatments were requested by 
her attending physician. 

This case offered opportunity to run 
checks on the experiment. It was agree- 
able with the patient to treat the worst 
swollen knee and finger, leaving the other 
knee and fingers as checks. Test stings 
were given on the right knee August 3, 
1943. The next day the patient reported 
less pain, a reduction of swelling, and 
freer action in the treated knee. On follow- 
ing day, August 5, three stings were given 
the right knee and one sting to the middle 
finger of the right hand. By August 10, 
the treated hand and knee were much 
improved. There was less pain, less swell- 
ing, and the patient had much better use 
of the treated parts. By September 5. 
the treated knee was almost normal, 
while the untreated knee was still painful. 
The patient asked that the knee used for 
check be treated also, It was given three 
stings. Severe itching developed from the 
stings, so it was decided to discontinue 
treatments. A total of 30 stings were ad- 
ministered to this patient. The treated 
parts showed much improvement over 
the checks. The patient said she favored 
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the untreated hand and knee in her work. 
This lady has since been to special clinics 
and, as of November 15, 1946, the ar- 
thritic condition still exists. 

Case No. VI, female, 50 years of age. 
This case was diagnosed as arthritis by 
two specialists who claimed they could 
not help her. The arthritis started in her 
feet and spread to her hands, fingers, 
knees, shoulders, ankles, and arms in a 
period of about 3 years. The joints of the 
appendages were swollen and painful. 
Muscles of the arms and legs were painful. 
Four treatments were given this patient, 
the first on September 12 and the last on 
September 30. A total of 30 stings were 
administered. There was an effort made 
to use checks on this experiment, but as 
soon as the treated parts showed improve- 
ment, the patient would ask that the 
remaining untreated parts be treated. The 
treatments showed great promise of 
affecting a cure, but severe itching of 
treated areas developed and treatments 
were discontinued. 

Summary.—According to reports, Dr. 
Philip Tere of Austria successfully treated 
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arthritic and rheumatic patients with bee 
stings over a period of 40 years. 

The writer treated six patients with bee 
stings for arthritis or neuritis. One patient 
was treated for three different occurrences 
of arthritis. One patient was treated for 
two different occurrences in the same arm. 
A year intervened between the first and 
second occurrence. 

Three of the six cases treated exper- 
ienced complete recovery with the ap- 
plication of from 2 to 16 stings. 

The 10-year chronic case with acute 
flare-ups was given 502 stings over a 
period of one year. He experienced great 
benefits from the treatment but was not 
cured. All cases treated showed improved 
conditions. Three cases out of six devel- 
oped supersensitiveness to bee stings. 

It is difficult to run checks (untreated 
parts) on human beings. As soon as the 
treated part shows improvement and less 
pain they plead for the checks to be treat- 
ed. It is the writer’s belief that the super- 
sensitiveness developed in three of the 
cases was due to faulty technique of ap- 
plying the stings.—4-18-47. 





DDT Residual Spray Control of Sandflies in Panama’ 
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In many places in Panama, particularly 
along the Caribbean coast, sand-flies, 
Culicoides, appear in tremendous numbers 
and constitute a nuisance of major propor- 
tions. The bite of these insects produces a 
sharp stinging sensation. Culicoides furens 
Poey, the dominant species, has been 
shown by Buckley (1934), in St. Vincent, 
B.W.I1., to be infected in nature with 
developing larvae of the filarial worm 
Mansonella ozzardi (Manson). These sand- 
flies are so small that they readily pass 
through the 16 or 18 mesh wire screening 
ordinarily provided for mosquito protec- 
tion. The usual means of protecting per- 
sons from the bites of these insects in 
screened buildings has been to paint the 
screens with a non-volatile oil which 
collects dust and lint, thus reducing the 


1 The data and observations in this paper were obtained in 
connection with investigations conducted under a contract 
recommended by the Committee on Medical Research, be- 
tween the Office of Scientific Research and Development and the 
Goepee Memorial Institute of Tropical and Preventive Medicine. 
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size of the screen apertures. This method 
provides only indifferent protection. 
When the apertures are sufficiently re- 
duced in size to exclude sandflies effec- 
tively, the screens are so clogged that 
there is no longer free passage of air. 

Several experiments were performed to 
determine the effectiveness of painting 
screens and selected portions of buildings 
with 5 per cent DDT in kerosene, as a 
means of local sandfly control and to 
evaluate the possibility of excluding sand- 
flies from screened quarters. These experi- 
ments. were conducted on the San Blas 
coast of Panama at an Army outpost. 
The cooperation and assistance of the 
surgeon and personnel of the 554th Signal 
Aircraft Warning Battalion and _par- 
ticularly of Pfe. Edwin W. Iossi is grate- 
fully acknowledged. Sample lots of speci- 
mens of sandflies biting in these tests 
were all identified as Culicoides furens 
Poey by Sr. Marcelo Gallardo, entomolo- 
gist of the Campafia Antimalarica of 
Panama. 
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In establishing biting rates, subjects 
stripped to the waist and the number of 
bites sustained on the trunk, head, and 
upper extremities was recorded for a 15- 
minute period. Subjects on which biting 
rates were determined were white conti- 
nental troops. While the sandflies bite 
throughout the day when the wind is not 
too strong, the biting rates are apparently 
highest about dusk and dawn. Biting 
rates in the following experiments were all 
taken between 5:00 p.m. and 6:30 P.M. 

The buildings in and around which the 
experiments were performed were all 
within a radius of 150 feet. The area is 800 
feet from the nearest tidal mangrove 
swamp breeding place, and at an altitude 
of 175 to 180 feet. The control for all 
experiments was the same 2.e., the biting 
rate out-of-doors beside an oil house in 
the lee of the prevailing wind, where a 
consistently high biting rate had _ pre- 
viously been observed. The control station 
was located 125 feet from the guard shed 
used in experiment 3 and 150 feet from the 
main building in which were located the 
orderly room, barracks and mess hall 
used in the other experiments. 

While the biting rate used as the control 
is not strictly comparable with the rates 
in various of the other stations used in the 
experiments, it does serve to establish 
that throughout the period of the investi- 
gation an abundant sandfly population 
was present in the area at all times. 

EXPERIMENT 1.—DDT treatment of 
orderly room screens. An orderly room was 
selected with screens which had been oiled 
some months previously. The apertures of 
the screens were considerably reduced by 
an accumulation of dust and lint. The 
biting rate inside this room on 10 succes- 
sive evenings (February 22 to March 3, 
1945) averaged 34 bites per 15 minutes. 
The screens were then brushed clean. The 
biting rate for the following 10 successive 
evenings (March 7 to 16, 1945) averaged 
60 bites per 15 minutes. The control 
biting rate during this period averaged 
183. On March 17 the screens of the 
orderly room were painted with 5 per cent 
DDT in kerosene. The biting rate for the 
following 12 days (March 17 to 28, 1945) 
was zero, while the control rate for this 
period varied from 114 to 345. After 
March 26, 1945 biting rates at both the 
orderly room and the control station were 
taken thrice weekly, on Monday, Wednes- 
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day, and Friday evenings. The results of 
these observations over a period of 91 
days after the DDT treatment are shown 
in table 1. 

The effectiveness of the DDT treatment 
is at once apparent. Appreciable biting by 
Culicoides in the orderly room occurred 
only after about 50 days had elapsed 
since treatment. Even after 3 months the 
biting rate reached a point only about 
one-ninth as high as that before treat- 
ment. The control biting rate during the 
period of this experiment shows some 
fluctuation, but is rather consistently 
high, indicating that there was no general 
reduction of sandflies in the area. 

ExpeRIMENT 2.—DDT treatment of 
barracks screens. In this experiment an 
entire barracks was used. The barracks 
was of typical open type construction used 
in the tropics; with three sides open to the 
air except for the mec. juito protection 
afforded by wire mesh screens. The annoy- 
ance from Culicoides to sleeping men in 
this large room was somewhat mitigated 
by the presence of several large electric 
fans. In the air current from these fans 
few sandfly bites were sustained. To se- 
cure data on biting in this barracks all 
electric fans were turned off 5 minutes 
before biting rates were determined. The 
average biting rate taken on 5 evenings 
between March 7 and 16, 1945 was 21. 
The control biting rate out-of-doors, 
taken on the same 5 evenings, averaged 
150. The screens of this barracks were 
painted with 5 per cent DDT in kerosene 
on March 17 and 18, 1945. The biting 
rates for the subsequent 90 days are 
given in table 2. 

It will be seen that a moderate degree 
of control was effected. It appears that 
while there is a substantial reduction in 
the numbers of Culicoides biting in the 
barracks, the treatment is considerably 
less effective than in the orderly room 
(Experiment 1). An appreciable rise in the 
biting rate seems to appear after about 
50 days, which is consistent with the 
residual effect obtained in experiment 1. 

The biting sustained in the barracks 
even after treatment with DDT may be 
due in part to two factors. First, the 
treatment of so large an area as the screens 
around the entire barracks may have been 
less thorough than that of the relatively 
small orderly room. Second, the men at 
this outpost work on staggered shifts so 
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Table 1.—Residual effect of 5 per cent DDT 
in kerosene applied to screens of orderly room. 
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Table 2.—Residual effect of 5 per cent DDT 
in kerosene applied to screens of barracks. 
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that they are constantly entering and 
leaving the barracks. There was ample 
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opportunity, therefore, for ingress of 
sandflies through the frequently opened 
doors. 

ExpeRIMENT 3.—DDT treatment of 
guard shed. A screened guard shed was 
selected for this experiment. This struc- 
ture was about 8 feet square with the 
lower half of painted wood and the upper 
half of screen. The biting rate inside the 
guard shed was established over a 19 
day period. The exterior woodwork was 
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Table 3.—Summary of DDT treatment of 
guard shed for protection from Culicoides. 
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Table 4.—Summary of DDT treatment of 
mess-hall area for protection from Culicoides. 








AVERAGE Bitina RATE 
(Culicoides) 





OBSERVATION PERIOD In Guard Out-of-Doors 
(1945) Shack (Control) 


Untreated 
March 7 to 26 
(19 days) 34 
Exterior Woodwork Painted with 5 Per Cent DDT 
in Kerosene 


March 28 to April 29 
(33 days) 17 


226 


Screens Painted with 5 Per Cent DDT in Kerosene 


April 30 to June 15 


(47 days) 19 230 





then painted with 5 per cent DDT in 
kerosene and the biting rate for the next 
33 days determined. The screens were 
then painted with 5 per cent DDT in 
kerosene and the biting rate recorded for 
the following 47 days. The results of this 
test are shown in table 3. 

While there was some reduction in the 
number of sandfly bites sustained in this 
guard shed, the DDT failed to give ade- 
quate protection when applied either on 
the exterior woodwork or on the screens. 
There was no reduction in number of 
bites on the several evenings immediately 
after the DDT treatment of the wood, 
but the number of bites was reduced 
about two-thirds for 4 days after the 
screens were painted with DDT. We 
know that DDT in oil solution has a 
relatively low effectiveness on oil painted 
surfaces (particularly when the paint is 
fresh) but we are unable to explain the 
failure of the DDT on the screens of this 
guard shed, in contrast to the success 
obtained in experiments 1 and 2. 

EXPERIMENT 4.—DDT freatment of 
mess-hall area. This experiment was de- 
signed to determine whether local out-of- 
doors protection from Culicoides could be 
obtained by spraying possible resting 


AVERAGE Bit1ne RATE 
(Culicoides) 


Beside Out-of-Doors 
Mess-hall (Control) 





OBSERVATION PERIOD 
(1945) 





Untreated 





March 9 to April 29 
(52 days) 19 211 





Walls etc. Sprayed with 5 Per Cent DDT 
in Kerosene 





April 30 to May 14 
(15 days) 13 181 





places near the human attractants. The 
area selected was immediately outside 
a mess hall where personnel waited in 
line, directly alongside the building, be- 
fore meals. The outside wall of the mess 
hall, the overhanging eaves and other 
adjacent surfaces within a radius of about 
30 feet, were sprayed with 5 per cent DDT 
in kerosene. The results are summarized 
in table 4. 

There was no effective reduction of the 
sandfly annoyance with this treatment. 
The average number of sandfly bites in 
this area during the preliminary study 
period of 52 days had been 19. The 
evening of the day this area was sprayed, 
April 30, the number of bites dropped 
to 4, but there was little residual effect 
as the average number of bites for 15 
days following treatment was 13. 

Conciusions.—The several experi- 
ments reported here give some evidence 
that the treatment with 5 per cent DDT 
in kerosene of the wire mesh screens used 
to exclude mosquitoes from screened 
quarters will provide a good measure of 
protection from the bites of sandflies as 
well, although the results obtained in one 
experiment (No. 3) were quite unsatis- 
factory. No effective local out-of-doors 
protection from sandfly bites was af- 
forded by spraying possible resting places 
within a radius of 30 feet.—8-18-47. 
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Apion Pod Weevil: A Pest of Beans in Mexico 


J. J. McKexvey,! Jr., José Curvara,? and Atronso Cortis,? 


Species of the genus Apion have been 
reported several times as occurring on 
beans grown in Mexico but, until re- 
cently, few investigations have been con- 
ducted to determine how widely the 
insects are distributed and how they may 
be controlled in the areas where heavy 
infestations occur. Ramirez, in 1913 and 
again in 1921, reported species of Apion 
attacking beans. In 1922 Wickham pub- 
lished a note on the occurrence of Apion 
griseum Smith, and possibly other closely 
related species on beans grown in the 
vicinity of the Federal District in Mexico. 
He considered Apion sp. a more serious 
pest of beans than the Mexican bean 
beetle in the Valley of Mexico and ex- 

ressed concern over the possibility that 
it might spread northward into the United 
States. In the handbook Principales 
Plagas y Enfermedades de los Cultivos de 
la Republica Mexicana (1930) the Apion 
weevils that attack beans are designated 
as Apion godmani Wagner. These determi- 
nations are being checked at the present 
time, but since the species involved is still in 
doubt, in this paper we are using the name 
Apion pod weevil. 

Economic ImportTaNce.—For the past 
several years the Mexican Department of 
Agriculture and the Rockefeller Founda- 
tion have been engaged in a cooperative 
agricultural research program in which is 
included a project on the improvement of 
beans in Mexico. As part of this project 
research has been conducted on the insect 
pests of beans in Mexico and has provided 
data on the economic importance, distri- 
bution, and control of the Apion pod 
weevil. These data clearly indicate that 
in some regions and under certain con- 
ditions this insect is one of the most de- 
structive pests of beans found in Mexico 
and that it seriously limits bean produc- 
tion. Damage may range from a fraction 
of a per cent to complete loss of a bean 
crop. Counts made on more than 500 
collections of beans coming from many 
parts of the republic indicate that practi- 
cally all of the beans belonging to the 
genus Phaseolus vulgaris commonly grown 


1 Rockefeller Foundation Agricultural Program for Mexico. 
? Mexican Department of Agriculture, 


in Mexico suffer damage from Apion 
weevils to a greater or lesser extent. Up 
to the present time Apion pod weevils 
have not been found infesting soybeans or 
chickpea , although they have been re- 
covered from wild leguminous hosts 
within the genera Dalea, Desmodium, 
Rhyncosia, and Tephrosia. 

Distrisution.—In order to obtain 
data on the distribution of this pest, 
a survey was conducted last summer 
through the prinicpal bean-producing 
areas of Mexico. These areas included the 
region of the Bajio (the States of Queré- 
taro, Guanajuato, Jalisco, and Aguascali- 
entes), the environs of Zacatecas and 
Durango, and the Valley of Mexico. The 
survey showed that the Apion pod weevil 
occurred generally on beans and other 
hosts throughout these sections, but that, 
during 1946 at least, the degree of infes- 
tation varied considerably from place to 
place. Infestation in the States of Zaca- 
tecas and Aguascalientes ranged from less 
than 1 per cent to 7 per cent; in the State 
of Michoacdén from 80 to 90 per cent. 
During the past summer the insect was 
collected from as far north as Saltillo, 
Coahuila, and from as far south as Tux- 
tepec, Oaxaca and Tuxtla, Veracruz. The 
sample collected at Saltillo was com- 
pletely ruined by Apion sp. Only a part 
of the Republic of Mexico has been sur- 
veyed to date for the occurrence of the 
pod weevil and so its total range in Mex- 
ico is not definitely established. 

Brotocy.—The Apion pod weevil as 
the name suggests damages chiefly the 
pods and seeds of the bean plants. Its 
life cycle from egg to adult follows closely 
the development of the beans from flower- 
ing until maturity. Adults appear in fields 
when the beans are in blossom and feed on 
the nectar of the blossoms, on the leaves, 
and on the tender young pods, but they do 
not cause appreciable damage as a result 
of their feeding. 

The females usually oviposit in pods 
which are not more than 6 centimeters in 
length. They first puncture the pods with 
their rostra, then insert their ovipositors 
into the hole thus made and lay the eggs 
in the endocarp of the pod. Owing to the 
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minute size of these punctures this type 
of injury is difficult to locate and usually 
does not hinder the normal development 
of the pod to maturity. However, in rare 
instances newly formed pods in which the 
weevils have oviposited do fail to develop 
and die a few days later. Approximately 
12 days after oviposition takes place 
larvae can be seen inside the pod. As they 
grow they consume some of the tender 
tissues of the pod and commence to feed 
on the rudimentary seeds. It takes them 
about 3 weeks to mature and transform to 
pupae. Pupation occurs usually in the 
portions of the seeds excavated by larval 
feeding and, in the process of transforma- 
tion, pupal cases are formed of excrement. 
Adults emerge 2 weeks later. The com- 
plete cycle from egg to adult takes, there- 
fore, nearly 7 weeks. One Apion larvae 
can destroy an entire seed if it attacks it 
soon enough, but usually it destroys only 
a portion of the seed. As many as seven 
pupae have been found in a single seed 
and up to 28 in one pod. In some cases 
seeds injured late in their development 
have only the seed coat ruptured, but even 
this type of damage renders them useless 
for planting. The larvae do not feed on 


fully ripened, dried seeds and therefore 
are not a menace as stored grain pests. 

Injury within the pods is difficult to 
recognize from the external appearance 
of the pods except during the heaviest 


infestations. Under such circumstances 
mature but still green pods which con- 
tain many larvae inside frequently appear 
distorted and flaccid in comparison with 
healthy beans and may also exhibit 
blotchy, irregular, sunken areas. Dry 
pods ready for threshing may contain 
nothing but Apion pupal cases and yet 
show little evidence of injury from with- 
out except for the small exit holes that the 
pod weevil leaves when it emerges and 
comes out of the pod. 

During 1946, from April 27 until Sep- 
tember 28, beans were planted every 2 
weeks in an experiment designed to de- 
termine the effect, if any, of planting date, 
upon the intensity of infestation. Weekly 
counts on 200 pods taken at random from 
beans of each planting date provided in- 
formation on infestation. Curves plotted 
from these counts were similar and there 
was no evidence that any appreciable 
control of this pest could be obtained by 
shifting planting dates. A slight but con- 
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sistent seasonal increase in infestation 
occurred due to the expected increase in 
number of adults during mid-season and 
late season. 

Controt.—In 1945, preliminary field 
experiments for the control of the Apion 
pod weevil demonstrated that DDT was 
highly effective when applied as suspen- 
sions and emulsions at the rate of 1 
pound technical DDT in 100 gallons of 
water. DDT suspension in water gave 
better results than emulsions owing to the 
phytotoxic effect of the latter. 

Extensive field experiments conducted 
in 1946 included tests (1) for the evalua- 
tion of DDT and other insecticides for 
control, (2) for the timing of applications 
where DDT served as the chemical for 
control, (3) for spacing the treatments at 
different intervals. Both dusts and sprays 
were used. Of these tests, however, only 
two carried a high enough infestation for 
the data accumulated from them to be of 
critical value. 

In one of these insecticide evaluation 
tests, the insecticides used were DDT,! 
hexachlorocyclohexane at 4, 6, 7 and 8 
pounds of the 7.5 per cent gamma isomer 
per 100 gallons, arsenate of lead, magne- 
sium arsenate, rotenone, cryolite, and 
bordeaux mixture (Table 1). A spreader’ 
at about 0.5 pint per 100 gallons was in- 
cluded with the arsenates. All applica- 
tions were made with knapsack sprayers. 
Each treatment was replicated four times 
in plots 6 rows wide and 10 meters long. 
The plots were contiguous. Applications 
were begun when the majority of the 
beans were in blossom and were continued 
at 7-day intervals for 6 weeks. The sprays 
were applied at about the rate of 100 
gallons per acre per application. Counts 
of 100 mature pods taken at random from 
the four inside rows of each plot provided 
a basis for determining control. 

The data show that DDT, in both forms 
used, at 2 pounds per 100 gallons and 
hexachlorocyclohexane at the rate of 6 
and 8 pounds of 7.5 per cent gamma 
isomer per 100 gallons gave better results 
than the other insecticides tested (Table 
1). Reduction infestation fell off when the 
amount of hexachlorocyclohexane was 
reduced to 4 pounds per 100 gallons. All 
the other insecticides were much less 
effective. 


1 Gesarol AK50 and Deenate 50W were both used, 
2 Triton B-1956. 
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Table 1.—Insecticidal test for the control of 
Apion pod weevils on beans conducted at 
Chapingo, Mexico, during 1946. Number of pods 
infested is based on the mean of 100 pods taken 
at random from each of the four replications. 











CoNncEN- 
TRATION 
of 
INSECTI- 
CIDE Repuc- 
IN TION 
Pounps Pops IN 
/100 In- INFEs- 
MATERIAL GALS. FESTED TATION 
Pounds Number! Per cent 
DDT (Deenate 50W) 2 0.0 100.0 
DDT (Gesarol AK50) 2 0.2 99.4 
Hexacloro- 8 1.5 95.3 
cyclohexane 6 0.7 97.8 
7.5% gamma isomer 4 4.7 85.4 
Arsenate of lead 2 10.7 66.6 
Cryolite 6 12.2 62.1 
Rotenone 3.7% 0.6 17.8 45.7 
Bordeaux, ready mixed 12 17.7 45.0 
Magnesium arsenate 2 23.0 28.6 
Control 32.2 





1 Difference required for significance at odds of 99:1 as calcu- 
lated by ¥n+}=2.78. 





In the other, a timing test, DDT was 
applied to beans according to a system 
described by Glasgow (1940). Applica- 
tions at 7-day intervals were planned so 
that the beans would be covered for a 
period of 6 weeks. The object was to 
determine the minimum number of DDT 
applications necessary, when they should 
start and when they should end, to obtain 
satisfactory control. On each of the appli- 
cation dates during the 6 week period a 
series of treatments was initiated. A com- 
parison of treatments in one series with 
those in another gave information about 
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the time of starting applications. In each 
series the number of plots varied accord- 
ing to the date when all the plots in the 
series received the first application. 
There were six plots in the first series, 
five in the second, and only one in the 
sixth series. The number of applications 
each plot received corresponded to its 
order in the series. The first plot received 
only one application, the second two ap- 
plications and, in the case of the first 
series, the sixth plot received all six 
applications. Thus, in making compari- 
sons between plots in any given series, 
one could determine the number of appli- 
cations necessary after any given date 
within the 6-week period. 

This experiment, replicated three times, 
was incorporated into a split plot arrange- 
ment (Snedecor 1946) where applications 
served as one variable in main plots and 
the bean varieties Bayo Gordo, Canario, 
Negro, and Palzzio supplied the second 
variable in subplots. The varieties used 
are those most generally grown in the 
Valley of Mexico. Varietal subplots, each 
3 rows wide and 10 meters long were 
randomized within the main plots. Fifty 
per cent water dispersible DDT was ap- 
plied with a wheelbarrow power sprayer 
at 150 to 200 pounds pressure and at the 
rate of 2 pounds per 100 gallons of water. 
Actual DDT was used at the rate of about 
1.5 pounds per acre per application. 

Data are presented in table 2 where the 
results from timing of control on Canario 
beans are recorded. They indicate that 
the first application was as effective as 
any other combination of applications 
within the same series, and better than 
any other treatment or combination of 
treatments delayed 1 or more weeks after 


Table 2.—Mean number of Canario bean pods infested with Apion pod weevils when treated with 
1 to 6 applications of 2 pounds of 50 per cent water dispersible DDT in 100 gallons of water.' Numbers 
in parentheses refer to total number of treatments applied to plots. 








Date or First APPLICATION FOR THE PLots In Eacu CoLuMNn 











APPLICATION — 
Dates Aug. 14 Aug. 21 Aug. 28 Sept. 4 Sept. 11 Sept. 18 
Aug. 14 1.3(1) 
Aug. 21 1.0(2) 10.7(1) 
Aug. 28 1.3(3) 9.7(2) 20.7(1) 
Sept. 4 0.0(4) 13 .3(3) 11.3(2) 38 .0(1) 
Sept. 11 1.0(5) 4.0(4) 18.7(3) 29 .0(2) 17.3(1) 
Sept. 18 0.0(6) 9.7(5) 11.3(4) 30.7(3) 19.3(2) 19.7(1) 
Control 21.3 pods infested 





1 Difference required for significance at odds of 99:1 as calculated by ¥n+1/2 =4.79. 
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this time. In the same experiment similar 
results were obtained with the varieties 
Bayo Gordo, Negro and Palacio. Applica- 
tion of DDT at the time of flowering or 
shortly thereafter was more effective 
than later applications. In plots receiving 
one application at the time of flowering 
Apion pod weevils were as effectively 
controlled as in plots receiving two to six 
applications at weekly intervals. Another 
experiment, though inconclusive because 
of low infestation, indicated that the 
dosage of DDT could be lowered. If addi- 
dional experiments prove that lower con- 
centrations are equally effective, their use 
would probably result in less damage to 
beneficial insects present in the fields 
during blossoming time. 


McKELvEY Er? AL:. Apion Pop WEEvIiL IN Mexico 479 


during 1946 appeared to be generally 
distributed where beans are grown in 
Mexico in so far as these areas were 
surveyed; 2) during 1946 it occurred in 
severe enough infestations in many areas 
to warrant control measures; 3) DDT and 
hexachlorocyclohexane under the con- 
ditions of the experiments performed at 
Chapingo, Mexico, effectively controlled 
this pest; 4) in a timing test with DDT as 
the insecticide the first treatments applied 
at the time when the beans are in flower, 
or slightly later, are the most effective 
treatments and on the basis of the experi- 
ment performed in 1946 it should be pos- 
sible to reduce the number of applications 
to one or two, depending on the length of 
the flowering period of the bean variety 








SumMARY.—1) The Apion pod weevil in question.—12-30-46. 
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A SUGGESTION TO CONTRIBUTORS 


Reprint order blanks showing the new scale of 
prices will be available, probably with the next issue 
of the JourNAL. In the meantime, and even after 
the blanks are available, it is suggested that the re- 
sponsible author place an order for the number de- 
sired under his own name and wait until the reprints 
have actually been delivered before securing his in- 
stitutional order. In this way the difficulties resulting 
from extreme delays in the delivery of the reprints 
will not cause the orders issued often several months 
earlier, to expire. A statement on the personal order 
to the effect that it will be superseded later by an 
institutional or firm order, will prevent any duplica- 
tion of the orders. 





DDT Emulsion to Control Red Spider and 
Mealybugs on Guayule 


Van E. Romney, U.S.D.A., Agr. Res. Adm., Bureau of Entomology and Plant Quarantine 


The two-spotted spider mite, Teérany- 
chus bimaculatus Harvey, and the Mexi- 
can mealybug, Phenacoccus gossypii T. & 
C., have been pests of guayule, Parthe- 
nium argentatum Gray, grown under 
greenhouse conditions for experimental 
purposes at Salinas, Calif., since early in 
1943. Both species were very difficult to 
control with measures suggested at the 
time without plant injury following re- 
peated applications. The possibilities of 
controlling them by use of DDT emul- 
sions were investigated during the period 
January 1944 to September 1945. Rom- 
ney et al. (1945) reported information 
covering the earlier part of these investi- 
gations. This paper .presents data ob- 
tained after January 1945 using an en- 
tirely different and more effective DDT 
formulation than that given in the pre- 
vious report. 

Research workers have found that 
spider mites are not very susceptible to 
DDT, especially when it is applied in 
water suspensions or dusts. Weigel (1944) 
showed that DDT in aerosol form (2 per 
cent DDT), water suspension (.2 pound 
DDT per 100 gallons), and dust (3 per 
cent DDT) was not highly toxic to Te- 
tranychus spp. in laboratory and green- 
house tests. Workers at the State Agricul- 
tural Experiment Stations (1945) of Texas 
and New Mexico reported that DDT 
dusts did not control spider mites in a 
greenhouse. Reports of Steiner et al. 
(1944), Baker & Porter (1945), Loftin 
(1945), Swanson & Michelbacher (1945), 
Borden (1945), New Jersey Agricultural 
Experiment Station (1945), and others 
show that mites have become more nu- 
merous in field plots treated with DDT for 
control of other insects than in comparable 
plots in which DDT was not used. In the 
tests reported by these workers, DDT 
was applied in a dust or as a water sus- 
pension. On the other hand, Romney et 
al. (1945) recently showed that single ap- 
plications of a DDT-acetone-sulfonated 
vegetable oil emulsion (0.3 per cent DDT) 
was effective against Tetranychus bimacu- 
latus on guayule under greenhouse condi- 
tions. Four tests with five to eight repli- 
cates each showed an average reduction of 


94.5 per cent of the mites and eggs within 
6 to 9.5 days, without plant injury. 

Mealybugs are resistant to DDT when 
it is applied in certain formulations. 
Weigel (1944) showed that an aerosol con- 
taining 2 per cent of DDT killed only 6 to 
25 per cent of the citrus mealybug, Pseu- 
dococcus citri (Risso), after 48 hours. The 
State Agricultural Experiment Station 
(1945) of Ohio reports that a water sus- 
pension containing 1 pound of DDT per 
100 gallons gave unsatisfactory control of 
the grape mealybug, Pseudococcus mari- 
timus (Ehrh.), in a Tarus nursery. Rom- 
ney et al. (1945) showed that a 0.3-per 
cent DDT emulsion killed only 33 per 
cent of the females of the Mexican mealy- 
bug, Phenacoccus gossypii T. & C. in 7 
days after treatment. It was shown, how- 
ever, that the first two instars were very 
susceptible and that the residual effect of 
the spray lasted long enough to kill most 
of their progeny. 

ForMvuLATIONS.—For experimental use 
emulsion concentrates were prepared in 
large glass vials by dissolving 3 grams of 
DDT in 6 grams of benzene or other sol- 
vent, adding 3 grams of white oil' and 10 
grams of 1-per cent solution of an emulsi- 
fier? and immediately shaking the mixture. 
The concentrate was diluted to make 1 
liter of emulsion just before it was used. 
In one experiment the benzene was re- 
duced from 0.6 to 0.4 per cent, and 10 
grams of 0.85-per cent solution of the 
emulsifier was used for emulsification. 

For practical use substitute pounds, or 
some other weight, for grams in the ex- 
perimental formula mentioned above and 
dilute the concentrate with water at the 
rate of 1 part to 50. Relatively soft water 
should be used, since some factor in the 
harder waters influences the stability of 
the emulsion. 

Metuops.—DDT emulsions were ap- 
plied to potted guayule plants with a paint 
gun and air compressor. The air pressure 
was maintained at 60 pounds per square 
inch. Infested plants were moved outside 


1 Viscosity 90 to 100 seconds Saybolt at 100° F., unsulfonated 
residue 94 per cent. 

2V OT, an emulsifier containing Sostyt sodium sulfo- 
succinate, used in all tests requiring an emulsifier, 
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the greenhouse for treatment. The entire 
plants and pots were sprayed to the drip- 
ping point, then returned to the green- 
house and placed on moats to inhibit rein- 
festation. The moat saucers contained a 
0.5-per cent solution of the emulsifier to 
help inhibit mites from crossing the moats. 
Paper collars were placed around the 
plants to catch specimens that fell on 
them and to aid in determining the time 
required for them to fall. 

Plants sprayed for red spiders were left 
in position on the moats for 8 to 9 days; 
then 10 leaves and 10 terminal tips were 
taken at random from each plant and 
examined with the aid of a binocular 
microscope. This period of time was suffi- 
cient for all immobile forms to be obvi- 
ously either dead or alive. Plants sprayed 
for mealybugs were left on the moats for 
22 days after treatment in order to allow 
ample time for egg hatching and survival. 
All mealybugs on the collars and on the 
plants were counted with the aid of a bin- 
ocular microscope. 

During the time data for tables 1, 3, 
and 4 were being accumulated, the green- 
house temperature was maintained be- 
tween 70° and 80° F. The temperature in 
the greenhouse ranged from 60° to 85° F. 
during the period in which data in table 2 
were accumulated. 

Piant ToLeRANCE.—Guayule plants 
grown in gravel and fed nutrient solution 
were found to produce the type of growth 
most susceptible to injury by chemicals. 
Such plants were sprayed twice, 2 days 
apart, to determine their tolerance to 
various solvents of DDT at concentra- 
tions of 1 per cent, emulsified with 0.01 
per cent of the emulsifier. Xylene, toluene, 
and diethylene glycol monobutyl ether 
burned the plants, but benzene, methyl 
isobutyl ketone, butyl acetate, and pro- 
pylene dichloride did not injure them. 
Benzene was used in DDT emulsions on 
guayule because it cost less than the other 
chemicals that did not show injury. The 
other components of the emulsion, includ- 
ing 0.3 per cent of white oil and 0.01 per 
cent of emulsifier did not cause injury 
after two applications. 

The 0.3-per cent DDT-benzene-white 
oil emulsion was used to control red 
spiders on guayule from April to Septem- 
ber 1945, during which time many plants 
were sprayed four to six times without 
any indication of foliage injury. 
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Tests Acarnst Rep Spipers.—Four 
of the most promising DDT solvents of 14 
tried in preliminary tests were used in 
emulsions in an experiment to control red 
spiders. The results observed 9 days after 
treatment are given in table 1. By analysis 
there was no difference in the effectiveness 
of the four emulsions containing the same 
amount of DDT against Tetranychus bi- 
maculatus and its eggs. Methyl isobutyl 
ketone, however, dropped some DDT 
upon dilution with water. The DDT emul- 
sions killed the eggs and all stages of mites 
on the wetted plant surfaces within 48 
hours, and very few mites dropped off the 
plants onto the collars. On nutrient-fed 
plants sprayed at the same time no injury 
was noted up to 10 days after treatment. 


Table 1.—Effect of DDT emulsions made with 
different solvents, on populations of Tetranychus 
bimaculatus on guayule plants under green- 
house conditions. Emulsions: DDT 0.3, solvent 
0.6, white oil 0.3, and emulsifier 0.01 per cent 
(4 replications). 











MITES AND 
| Ea@eson | Kitt or 
| | Terminan | Mires 
| EmvuLsion | AND Lear AND 
SOLVENT | Aprtiep | Samptes | Eaas 
| Milliliters| Number | Per Cent 
Benzene | 560 | 1586 | 100.00 
Methy] isobutyl ketone | 540 1610 99.63 
Buty! acetate | 566 | 2615 99.96 
Propylene dichloride | 557 | 1720 | 100.00 
Check (white oil and | } 
emulsifier) |} 563 | 1880 46.17 





The results of a test to determine the 
effectiveness of the various components of 
the standard DDT emulsion 8 days after 
treatment are given in table 2. The white 
oil was more effective than the benzene. 
The difference between the white oil and 
the combination of white oil and benzene 
was not significant according to the F test. 

Another experiment was designed to 
determine the effects of varying strengths 
of DDT in a benzene-white oil emulsion. 
The results from this test observed 9 days 
after treatment are given in table 3. The 
figures were transformed from per cent to 
degrees and analyzed as suggested by 
Bliss (1937). The addition of 0.05 per cent 
of DDT caused a very marked increase in 
kill. It was found that there was a highly 
significant difference between kills ob- 
tained by the (.05 and 0.1-per cent DDT 
strengths, a significant difference by the 
0.1- and 0.2-per cent strengths, and no 
difference by the 0.2- and 0.3-per cent 
DDT strengths. The 0.3-per cent DDT 


emulsion did not have sufficient benzene, 
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and as a result the emulsion lost some 
DDT upon dilution with water. For a 
0.3-per cent DDT emulsion 0.6 per cent 
of benzene should be used, with 0.3 per 
cent of white oil and 0.01 per cent of 
emulsifier. 


Table 2.—Effectiveness of the standard DDT 
emulsion (DDT 0.3, benzene 0.6, white oil 0.3, 
and emulsifier 0.01 per cent) and some of its 
components against Tetranychus bimaculatus 
(6 replications). 








| Mires on 
Eaas on | Kit or 
| | TerminaL | Mires 
EMULSION | AND LEAF AND 


CoMPONENT AppLiep | SAMPLES Eaas 





Milliliters Number Per Cent 
DDT, benzene. and 

white oil | 650 
White oil | 632 
Benzene | 650 
White oil and benzene | 660 


2618 
2268 
3068 
2953 


99.92 
48.28 
16.85 
59.70 
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there were none on the 8 plants treated 
with the DDT emulsions. Portions of the 
egg masses escaped injury at the time the 
plants were sprayed, but after the eggs 
hatched the residual effect of the DDT on 
the plants killed all the larvae except a 
few which were on new growth. 


Table 4.—Effect of emulsions of different 
DDT concentrations on populations of the Mexi- 
can mealybug under greenhouse conditions (4 
replications). 








MEALYBuGs | 

on 4 PLANTs | 

AND Co.Luars | KILL or 
EmuLsion 22 Days arTER) MEa.y- 
Apptiep | TREATMENT | BUGS 


| Milliliters Number | Per Cent 

0.1 | 310 $111 99.49 
0.3 370 3484 99.91 

Check (benzene, white } 

oil, and emulsifier 360 4223 


DDT 
(Per Cent) 





8.36 





Table 3.—Effects of varied percentages of 
DDT in a benzene-white oil-Vatsol emulsion 
(DDT, x, benzene 0.4, white oil 0.3, emulsifier 
0.0085 per cent) on Tetranychus bimaculatus 
under greenhouse conditions (5 replications). 


Mires ANp | 


Eceas on’ KIL oF 
TerRMINAL | Mites 
AND LeaF | AND 
SAMPLES Eaas 








DDT 
(Per Cent) 


EMULSION 
APPLIED 





Miilliliters 
625 

a 640 

2 638 

641 5510 


Number Per Cent 
3969 | 95.74 
99.38 
99.90 


99.99 


0.05 
5204 
5128 


oe 
Check (same formula 


without DDT) 645 7182 49.45 





Tests Acarinst Mreatyspues.—An ex- 
periment was designed to compare the 
effectiveness of a 0.1-per cent and a 0.3- 
per cent DDT emulsion on populations of 
the Mexican mealybug. The results are 
given in table 4. There was no difference 
in the effectiveness of the two DDT 
strengths. After 24 hours, however, most 
of the mealybugs sprayed with the higher 
concentration were down on the paper 
collars, whereas no mealybugs were 
found on collars of the plants sprayed 
with the lower concentration until after 
72 hours. There were 29 live mealybug 
egg masses on the 4 plants sprayed with 
the emulsion not containing DDT, but 


SumMARY.—An emulsion containing 
0.3 per cent of DDT, 0.6 per cent of ben- 
zene, 0.3 per cent of white oil, and 0.01 
per cent of emulsifier applied with a 
paint gun to guayule plants was found to 
be very effective against populations of 
the two-spotted mite, T'etranychus bimacu- 
latus Harvey, and the Mexican mealybug, 
Phenacoccus gossyprt T. & C. This emulsion 
did not injure the most susceptible types 
of growth of guayule even after repeated 
applications. Populations of these forms 
on wetted leaf or stem surfaces were 
killed by the spray within 48 hours or 
less, although final counts for mites were 
not made until 8 or 9 days after treat- 
ment, and mealybugs were left 22 days. 
Red spider eggs were all killed. Portions 
of some egg masses of the mealybug es- 
caped, but most of the mealybugs were 
killed after hatching by the residual effect 
of DDT on the plant. 

Butyl acetate, propylene dichloride, or 
methyl isobutyl ketone, might replace 
benzene in the formulation, although they 
are expensive. Of the three, methyl iso- 
butyl ketone was the least satisfactory. 
Other cheap solvents, such as xylene and 
toluene, burned the more susceptible 
growth of guayule.—2-11-47. 
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DDT and Benzene Hexachloride to 
Control Mexican Fruit Fly! 


C. C, Ptummer and J. G. Suaw, U.S.D.A., Agr. Res. Adm., 
Bureau of Entomology and Plant Quarantine 


In unpublished field studies in Cuer- 
navaca, Morelos, Mexico, in 1945 neither 
four applications of a DDT spray nor 
three applications of a DDT dust gave 
significant reductions in populations of 
the Mexican fruit fly, Anastrepha ludens 
(Loew). The spray was an emulsion pre- 
pared by dissolving 2 pounds of technical 
DDT in 5 pints of xylene, adding 1 
ounce of Triton X-100 (an aralkyl poly- 
ether alcohol) and water to make 100 
gallons. The dust contained 10 per cent 
of DDT in pyrophyllite. 

The reduction in number of larvae and 
puparia recovered from mangoes picked 
from trees sprayed with the emulsion was 
13 per cent while from fruit from dusted 
trees the reduction was 37 per cent. Since 
previous laboratory studies (Plummer 
1946) had shown DDT dust to be es- 
pecially toxic to the fruit fly, field studies 
were continued with this material in 1946. 

In the 1946 experiment water-dispers- 
ible preparations of DDT in addition to 
DDT dust were used, and dosages were 
increased greatly over those applied in 
1945. Water-dispersible benzene hexa- 
chloride was also tested. The procedures 
were similar to those used in the previous 
experiments. 

Biockxs anp Piots.—In April mango 
trees growing near Cuernavaca on three 
properties in Chipitl4n and on one prop- 
erty known as Palmira were selected. 
Most of the trees were about 15 feet high 
and were bearing fruit in various stages of 
maturity at the time the experiment was 


1 These studies were conducted as part of a cooperative project 
with the Secretaria de Agricultura y Ganaderfa, Mexico, 
Richmond Program Paper. 


started. The objective was to have trees 
in each block as nearly alike as possible 
in size, variety, and maturity of fruit, and 
in number of flies captured. Nevertheless, 
there were many discrepancies in these 
respects, and the trapping of comparable 
numbers of flies in blocks of 4 trees grow- 
ing on the same property was the most 
important criterion of variation. The pre- 
treatment data considered in these selec- 
tions were for eight periods, each of 3 to 
5 days’ duration, from April 3 to May 38. 
After 10 blocks had been selected and 4 
plots of 1 tree each assigned to treatments 
at random, analysis of variance showed 
no significant difference between the num- 
bers of flies captured in plots of the pro- 
posed treatments. The transformation of 
data to 1/n+0.5 was considered advis- 
able because of Poisson distribution. 
Analysis of variance of transformed data 
gave results similar to those from original 
data. Differences between blocks were 
highly significant whether or not data 
were transformed. 

TRAPPING.—One standard glass fly 
trap was maintained in each mango tree 
in the customary manner. Traps were 
numbered and hung from marked posi- 
tions in the trees. Each trap was filled 
with approximately 300 ml. of fermenting 
lure prepared with 80 grams of granu- 
lated sugar and 1.5 grams of brewer’s 
yeast in water to make 1 liter (Baker 
et al. 1944). All traps were examined on 
the same day and were always washed be- 
fore being refilled with lure. Trapping 
periods were of 3 or 4 days’ duration. 
Traps were emptied and removed from 
the trees previous to spraying and dust- 
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ing and were replaced after all the trees 
had been treated. 

InsEcTicipEs.—One tree in each of 10 
blocks was sprayed with water-dispersible 
DDT. The first spraying was with 6 
pounds of specially prepared product 
containing 99 per cent of DDT and 1 per 
cent of wetting agent in water to make 100 
gallons. Fifteen’ pounds of 40 per cent 
DDT was substituted in the second and 
third applications, and 12 pounds of 50 
per cent DDT in the fourth application. 
Soluble dried blood at the rate of 4 ounces 
in 100 gallons of solution was added as a 
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fourth tree in each block was untreated. 

Insecticides were applied on May 8 and 
4, May 20 and 21, June 8 and 4, and June 
17 and 18. The sprays were applied with a 
small mechanized wheelbarrow sprayer 
and a long spray rod at pressures of 100 
to 150 pounds per square inch, and the 
dusts with rotary hand dusters equipped 
with extension tubes. 

Trappina Resuutts.—Trapping data 
recorded during the season are summa- 
rized in table 1. As with fly captures before 
treatment, these data were transformed 
to 4/n+0.5 previous to analysis of vari- 


Table 1.—Adults of Anastrepha ludens captured in 10 glass traps in 10 mango trees following 


treatment with DDT or benzene hexachloride. 








TRAPPING PERIODS 


NuMBER oF Fruit Fires CaApturEpD 








INCHES Benzene 
DATES OF OF Hexa- 
APPLICATION PRECIPI- Num- DDT DDT _ chloride Untreated 
(1946) TATION Dates ber Spray Dust Spray Control 

Before treatment 2.60 Apr. 3 to May 8 8 747 865 872 757 
May 8 and 4 0.24 May 4 to 20 5 745 714 1800 1489 
May 20 and 21 1.98 May 21 to June 8 4 555 891 1630 1857 
June 3 and 4 5.66 June 4 to 17 + 457 598 1511 1275 
June 17 and 18 5.99 June 18 to July 1 4 224 567! 1063 732 

3.32 July 1 to 18 5 471 811 1282 1181 

2.01 July 18 to Aug. 5 5 662 1126 1815 1274 





1 DDT in kerosene and xylene emulsion substituted for dust as described in text. 


spreader in the third and fourth applica- 
tions. 

One tree in each block was dusted three 
times with 20 per cent of DDT in pyro- 
phyllite. Because of abundant rains the 
fourth application was changed from a 
dust to a spray prepared from 200 grams 
of technical DDT dissolved in a mixture 
of 2,050 grams of kerosene, 25 grams of 
xylene, and 25 grams of aluminum stear- 
ate. This concentrate was used at the rate 
of 5 per cent in water to give 2.7 pounds 
of DDT per 100 gallons of emulsion. The 
emulsifier was Triton X-100 at the rate 
of 1 ounce per 100 gallons of emulsion. 
Aluminum stearate was added in the hope 
that it would delay penetration of the 
kerosene and xylene with the DDT dis- 
solved in them (Ebeling 1945). One tree 
in each block was sprayed with 6 pounds 
of water-dispersible benzene hexachloride 
(reported to contain 7.5 per cent of gamma 
isomer) in water to make 100 gallons. 
As in the DDT spray, soluble dried-blood 
was added in the third and fourth appli- 
cations. The fourth application also in- 
cluded 1 quart of light emulsive oil. The 


ance. It is shown that DDT, both as a 
spray and as a dust, caused a significant 
reduction in the fly population during the 
five trap-exposure periods following the 
first application of insecticides. The only 
other time dust was effective was after 
the third application, and this despite 5.66 
inches of rain. DDT dust is readily re- 
moved by rain, and is therefore much 
more effective in the dry season of the 
year. The single application of DDT in 
kerosene and xylene that was substituted 
for the last application of dust was not 
effective. Results of field studies with a 
similar emulsion in 1945 were thus con- 
firmed. 

Clearly, DDT spray was more effective 
than the other preparations tested, since 
it caused a significant or highly significant 
reduction in the fly population through- 
out the season. It continued to be ef- 
fective until August 5, 7 weeks after 
spraying ceased, as shown by fly captures 
during 14 trap-exposure periods. A total 
of 11.25 inches of rain was recorded during 
this time. Benzene hexachloride did not 
reduce the fly population. Usually more 
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flies were captured in trees sprayed with 
this material than in control trees, but the 
differences were not significant. The re- 
duction in fly population, as summarized 
from 27 trap-exposure periods from May 4 
to August 5, amounted to 57 per cent in 
DDT spray plots and to 36 per cent in 
DDT dust plots. Eighteen per cent more 
flies were captured in benzene hexa- 
chloride plots than in control: plots. 
Trapping was discontinued on August 5 
owing to lack of fruit. 
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benzene hexachloride than from fruit 
from untreated trees (Table 2). These 
percentages are close to those shown by 
trapping. The poor showing of benzene 
hexachloride both in the number of flies 
captured in traps and in the high infesta- 
tion of fruit is perpléxing, inasmuch as 
laboratory tests showed it to be definitely 
more toxic than DDT to adults of Anas- 
trepha ludens. Because more samples were 
available from DDT spray plots and con- 
trol plots than from the other plots, these 


Table 2.—Combined numbers of larvae and puparia of Anastrepha ludens taken from samples of 
10 mangoes from trees sprayed or dusted with DDT or sprayed with benzene hexachloride. 








Data FROM LARGER 
NuMBERS OF SAMPLES! 











BENZENE Num- 
COLLECTION NUMBER HeExa- Un- ber of 
DatE OF DDT DDT  cHLORIDE TREATED Sam- DDT Untreated 
(1946) SamMpLes Spray Dust Spray Conrror ples Spray Control 
May 10 6 372 428 424 238 7 $75 393 
21 5 380 335 1239 1176 7 450 1723 
June 3-4 4 639 764 1299 934 8 1036 2633 
17-18 4 425 592 864 713 5 569 1119 
July 1 — — — _ — 3 59 634 
Total 1816 2119 3826 3064 _— 2489 6502 





1 Data shown in columns 8 and 6 with additional data. 


INFESTATION OF Fruir.—Ten firm 
green mangoes were picked at random 
from each treated and control tree and 
held over sand in standard holding boxes 
until larvae had matured or left the fruit. 
It was impossible to pick a single com- 
plete sample from all 40 trees, owing to 
scarcity of fruit and to differences in time 
of maturity. Fruit in trees of the first 7 
blocks had matured and gone by the time 
fruit in trees of the last 3 blocks was large 
enough to pick. Under these conditions 
the only alternative was to take such 
samples as were available. It was there- 
fore impossible to analyze variance of in- 
festation. Trees were first sprayed or 
dusted on May 8 and 4, and the first 
samples of fruit were picked on May 10. 
Data are summarized in table 2. 

When the total number of larvae and 
puparia recovered from fruit from treated 
trees is compared with the number from 
control trees, a reduction of 41 per cent is 
shown in DDT spray plots and of 31 per 
cent in DDT dust plots. Twenty-five per 
cent more larvae and puparia were re- 
corded from fruit from trees sprayed with 


data are summarized separately in table 
2. In these plots a reduction of 62 per cent 
of larvae and puparia in samples from the 
sprayed plots is indicated. Under the con- 
ditions peculiar to this experiment this 
reduction is considered remarkable. Never- 
theless, it is probable that the fruit would 
have little if any commercial value. 
Discussion.—The conditions of the 
1946 experiment are considered severe, 
for the following reasons: (1) It is prob- 
able that some fruit was infested before 
the insecticides were applied. Earlier ap- 
plication was impossible owing to low 
fly population and to the necessity of ob- 
taining sufficient preliminary trapping 
data. (2) The mango trees were on four 
different properties, and the time of fruit 
maturity, even for the same varieties, dif- 
fered greatly. Some trees were close to 
unsprayed mango and other fruit trees, 
and some were widely separated from 
them. The size of trees and the amount 
of foliage, even on trees of similar size, 
varied greatly. (3) The pressure used in 
spraying was low—100 to 150 pounds— 
owing to the necessity of using portable 
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equipment. Certainly coverage of fruit 
and foliage was not so good as it should 
have been. The sprays did not cover the 
fruit well, presumably because of the 
waxy surface. (4) Rain became more and 
more frequent as the season progressed 
and was abundant the middle of June. 
In view of these adverse conditions it is 
remarkable that the results are as good 
as they are. 
Toxicity ON Frevp-SprayeD LEAVES 
IN LABoRATORY.—Mangoes and mango 
foliage from trees that had been sprayed 
with high concentrations of water-dis- 
persible DDT on June 17 were exposed to 
caged flies at room temperature (about 
68° F.). Deposits on 7 medium-sized 
leaves picked on July 22 and placed in a 
standard toxicity cage with 50 adults of 
Anastrepha ludens killed most of the flies 
the first day, and all flies within 5 days. 
Similar results were obtained with foliage 
picked on July 26. When 3 mango fruits 
picked from a sprayed tree on July 18 
were exposed to flies in a like manner, ap- 
proximately 25 per cent of them died with- 
in 12 days. Similar results were obtained 
when a single mango picked on July 26 
was exposed under identical conditions. 
Mortality in control cages was negligible. 
It has been observed that commercial 
water-dispersible DDT does not adhere 
well to green mangoes, and this may ac- 
count for the low mortality observed 
when flies were exposed to sprayed fruit. 
Foliage from trees sprayed with water- 
dispersible DDT on June 18 was picked 
on August 9, 52 days later. In one cage 50 
flies exposed to 6 medium-sized leaves 
died within 4 days. In another cage 50 
flies exposed to 3 medium-sized leaves 
succumbed within 7 days. Nine days were 
required to kill 50 flies exposed to a single 
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leaf. In all cages, however, a high per- 
centage of the flies died within the first 24 
hours and from 74 to 82 per cent within 
the first 48 hours. Mortality in control 
cages was normal. Leaves picked from 
trees 76 days after having been sprayed 
showed deposits of DDT to be about as 
toxic as those picked after 52 days. 
Leaves sprayed with high concentrations 
of benzene hexachloride and tested in 
cages 76 days later showed no toxicity to 
Mexican fruit flies. During this time a 
total of 18.85 inches of rain was recorded. 

Summary.—Field studies showed that 
four applications of preparations contain- 
ing approximately 6 pounds of DDT per 
100 gallons caused a significant or highly 
significant reduction in populations of the 
Mexican fruit fly, Anastrepha ludens 
(Loew), throughout the season. Twenty 
per cent DDT dust was much less effec- 
tive owing to abundant rainfall. Four ap- 
plications of 6 pounds of water-dispersible 
benzene hexachloride (7.5 per cent of 
gamma isomer) were ineffective in reduc- 
ing the fly population. Reduction of num- 
ber of larvae and puparia recovered from 
fruit from treated trees amounted to 41 
per cent in DDT spray plots and to 31 
per cent in DDT dust plots. Twenty-five 
per cent more larvae and puparia were 
recovered from fruit from trees sprayed 
with benzene hexachloride than from 
fruit from untreated trees. When the 
more complete data from DDT spray 
plots are considered, this reduction was 
62 per cent. Water-dispersible DDT on 
mango foliage was highly toxic, and 
water-dispersible benzene hexachloride 
was nontoxic to caged fruit flies 76 days 
after spraying. A total of 18.85 inches of 
rain was recorded during the period of 
this test.—7-10-47. 
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Control of the Leafhopper Erythroneura elegantula 
on Grape with DDT and ‘Other Insecticides 


NorMan W. Frazier and E. M. Srarrorp, California Agricultural Experiment Station, 
Berkeley and Davis 


During 1946, the first year that DDT 
was available for commercial use on 
grapes for controlling the leafhopper 
Erythroneura elegantula Osb. in the San 
Joaquin Valley, tremendous quantities 
were applied, almost to the exclusion of 
standard insecticides. Only a small per- 
centage of the 370,000 acres of vineyards 
in the Valley did not receive DDT in some 
form. This sudden and overwhelming 
change came before sound methods for 
using DDT had been established experi- 
mentally, but the results were generally 
satisfactory and proved DDT to be 
highly effective against the leafhopper. 

Frazier & Stafford (1945), through pre- 
liminary tests with both nymphs and 
adults in 1944, demonstrated that DDT 
is effective when applied either as a vapor- 
spray at 1.2 per cent concentration or as a 
dry dust composed of 5 per cent DDT, 50 
per cent dusting sulfur, and 45 per cent 
inert filler. In the work of Stafford & 
Frazier (1946) during 1945, a dust com- 
posed of 5 per cent DDT, 50 per cent 
dusting sulfur, and 45 per cent inert 
filler was more effective than similar dusts 
containing 4 per cent or 3 per cent DDT 
when*all were applied at the rate of 20 
pounds per acre. It was concluded that 
in dust form a dosage of about 1 pound 
of technical DDT per acre is required for 
satisfactory control; also that 20 pounds of 
the 5 per cent dust mixture per acre 
yielded as good control as 4 gallons per 
acre of a 1.2 per cent DDT in vapor- 
spray oil. Under conditions of reinfesta- 
tion during the summer months by leaf- 
hoppers from adjoining areas, however, 
one pre-bloom application of either the 
dust or the vapor-spray did not give de- 
pendable control for the entire season. 

During 1946, experiments were carried 
out to determine the effectiveness of vari- 
ous forms of DDT preparations, sprays, 
thermal aerosol fogs, vapor-sprays or 
dusts; the best methods of applying them; 
and the optimum timing of the treatment. 
The effect of varying the particle size on 
the toxicity of DDT was investigated, 
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and DDT was compared with some other 
chemicals. 

Mertuops.—Experimental plots were 
located in vineyards near Woodlake 
(where all plots were contained in a single 
140-acre ranch), Lindsay, and Exeter in 
Tulare County; Madera in Madera 
County; and Lodi in San Joaquin County. 
The equipment used in applying the dusts 
and vapor-sprays was owned and operated 
either by the growers or by commercial 
control operators. 

For obtaining population samples two 
methods were used. During April at 
Woodlake and Linsday, and May at Lodi, 
only overwintered adults were present, 
since the hatch of first-brood nymphs 
had not started. Samples were taken by 
treating individual vines with a hand- 
operated fly-spray atomizer containing 
pyrethrum in oil, after a drop-sheet had 
been spread beneath the vine. The vines 
were shaken, and the fallen leafhoppers 
were counted on the canvas. In all subse- 
quent samples, counts were made of both 
nymphs and adults by picking a certain 
number of leaves from each treated plot 
and counting the leafhoppers on each 
leaf picked. When adult populations are 
high, the hoppers become easily disturbed; 
but with caution they may be satisfac- 
torily counted before the leaf is touched. 
Nymphs are not readily disturbed and, 
since they always remain on the leaf, 
are easily counted. Basal leaves, where 
populations were highest, were selected 
at random, one leaf per vine from each 
vine sampled. After treatment, the pres- 
ence of newly hatched nymphs which had 
not been killed, since they had not yet 
come into contact with residual DDT 
particles, often tended to make the treat- 
ment appear less effective than it actually 
was. 

Sprays.—Cn April 30, 1946, an orchard 
sprayer operating at 400 pounds pressure 
was used to treat Black Corinth grapes 
at Madera. Both sides of the vines were 
sprayed with an extra light oil containing 
5 per cent DDT at the rate of 1.67 


= 


( 





488 


gallons to 100 gallons of water. From 
2 to 3 quarts of spray per vine was ap- 
plied—a dosage of 1.0 to 1.2 pounds 
of actual DDT per acre. Six of the sprayed 
plots were single rows of 22 vines with un- 
treated vines on either side, while four of 
the sprayed plots were made up of four 
rows of 22 vines with untreated plots of 
the same size on either side. 

According to an examination made 
May 28, control was excellent. Not a 
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and 4, the degree of protection remained 
satisfactory during the entire season under 
conditions of rather light reinfestation, 
whereas in plots 5 and 6 considerable 
leafhopper damage was manifest by late 
summer and the protection therefore 
appeared to be unsatisfactory. In the 
latter two plots the proportion of adults 
was very small until August 5, when in 
plot 6 the adults comprised about 33 per 
cent of the population. On September 5, 


Table 1.—Results of DDT thermal aerosol fog on seasonal grape leafhopper populations, in treat- 


ments given May 11 on 1}-acre plots at Woodlake. 








Rate or AppLicaTION 


PER ACRE 


Noumser or Learnoprers (Apvutts Pius Nympus) 
PER 20 Leaves 





Technical 
DDT 
(Pounds) 


Mixture 
(Gallons) 


Formvu.a- 
TION 


PLor 


No. APPLICATION 


Pre- Post- 
treat- treat- 
ment ment PerCent June July Aug. Sept. 
May 10 May 17 Reduction 17 17 5 5 





0.88 
0.88 


0.88 
0.88 


8 5%DDTinoil To one side of each 2.6 


5% DDT in oil 


4 

row 
4 5%DDTinoil 2-row drift 
6 5% DDTinoil 4-row drift 


row 
To one side of each 2.6 


2.6 
2.6 


100 0 13 2 10 
100 0 8 8 21 


74.7 32 64 41 82 
84.8 59 95 46 121 


86 0 
139 9 


99 25 
171 26 





single leafhopper nymph was found in 
any sprayed row, whereas the untreated 
rows showed an average of 46.2 nymphs 
per 10 leaves. On the day of the counts no 


grape leafhopper nymphs could be found 
in the sprayed rows, even at the ends and 
at a distance of only 1 foot from adjoining 
untreated vines. 

THERMAL ArERosoL, Foc.—The equip- 
ment used in this test was a thermal 


aerosol fog generator' which utilizes 
superheated steam under pressure as a 
carrier for the insecticide-containing oil 
preparation. An emulsive light oil con- 
taining 5 per cent DDT was applied to 2.5 
acres of Emperor grapes on May 11, at 
the rate of 2.6 gallons per acre. The mix- 
ture was carried by an equal volume of 
water in the form of steam through a 
single outlet nozzle set at a distance of 
about 4 feet from the nearest vine foliage. 
To one half of the acreage, or 5 rows of 
vines, the fog was applied to one side of 
each vine row. To the other half the same 
volume of insecticide was applied by 
driving along one row and allowing the 
fog to cover the remaining 4 rows by drift. 
Judging from the results (Table 1), this 
method of grape leafhopper control may 
be highly effective when the fog is applied 
to each vine row (plots 3 and 4), but be- 
comes less effective with increasing dis- 
tance of drift (plots 5 and 6.) In plots 3 
1 Bis-Kil. 


the adults comprised 33 to 50 per cent of 
the population. 

Vapor-Sprays.—In former years the 
vapor-spray application of pyrethrum for 
spring control of grape leafhoppers was a 
standard and widely used procedure. The 
toxic agent was dissolved in a vapor- 
spray base oil, which was broken up into 
very fine droplets and carried to the vine 
by an air blast. During 1946 this method 
was extensively used to apply DDT in 
vineyards. According to estimates, about 
126,000 gallons of vapor-spray oil con- 
taining 2.4 per cent DDT was applied in 
the San Joaquin Valley. 

On May 11, two DDT preparations 
were applied on Emperor grapes at 
Woodlake bythe vapor-spray method. 
One preparation, a well-known commer- 
cial product composed of 2.4 per cent 
DDT in vapor-spray base oil, was ap- 
plied in two plots of 7 acres each at the 
rate of 4 gallons per acre, the machine 
traversing every middle and thus spraying 
the vines on both sides. The second prepa- 
ration, an emulsion composed of equal 
parts of water and an emulsive light oil 
containing 5 per cent DDT, was applied 
in like manner to 2.5 acres at a rate of 4 
gallons per acre, with two rows being 
twice treated or receiving a dosage of 8 
gallons per acre. 

The data from the tests (Table 2) 
clearly indicate a high degree of control 





—.  O~ Garr ©. 8 


.“ "7 


Ww FS Oe eee ee SO 


August 1947 Frazier & Starrorp: ConTROoL OF LEAFHOPPER ON GRAPE 489 


for all four plots. This protection lasted 
throughout the summer, the period dur- 
ing which the danger of re-infestation 
from the outside was greatest. Because of 
their location, however, these plots were 
not subjected to such heavy re-infesting 
populations as were the immediate sur- 
rounding areas. Leafhopper damage in 
the four plots was neglible, and the sea- 
sonal control proved highly satisfactory. 
By the time the last counts were made on 
September 5, almost 4 months after treat- 
ment, the toxicity of the DDT residue 


basis for such a mixture is the fact that 
for a single treatment about 1 pound, at 
least, of DDT per acre as a dust appeared 
to be near the optimum dosage for satis- 
factory results under average conditions. 
The application of dusting sulfur from 3 
to 7 times per season for controlling pow- 
dery mildew is a standard procedure in 
California, with early-season applications 
in the San Joaquin Valley limited to 10 
pounds per acre or less because of the risk 
of injuring the foliage at higher dosages. 
If therefore, DDT is combined with sul- 


Table 2.—Results of DDT vapor sprays on seasonal grape leafhopper populations, in treatments 


given May 11 at Woodlake. 








Rate or APPLICATION 


PER ACRE 


Number or Learnoppers (ApvuLts PLus Nympns) 
PER 20 LEAVES 





PLot Mixture 
No. ForRMULATION (Gallons) 


Pre- Post- 
Technical treat- treat- Per Cent 

D ment ment Reduc- June July Aug. Sept. 
(Pounds) May 10 May 17 tion 17 17 5 5 





7 24% DDT in vapor-spray oil 4 0.65 
8 2.4% DDT in vapor-spray oil 4 0.65 
9 5% DDT in emulsive light oil 50%, 
water 50% + 0.67 
10 6% DDT in emulsive light oil 50% 
8 


water 50% 1.35 


25 
34 


9 2 77.8 0 
58 2 96.6 0 


0 
2 
91.0 0 0 
0 


7 

0 
123 11 2 21 
61 8 86.9 0 8 5 





was apparently spent, for on that date 
populations in three plots were noticeably 
increased over a month earlier. It might 
be worthy to note, however, that in plot 
10, which received the double dosage, 
leafhoppers were still extremely scarce— 
perhaps an indication that the DDT was 
still effective at that time. 

Vapor-spray oil containing 2.4 per cent 
DDT at 4 gallons per acre, used on Em- 
peror grapes on May 5 at Exeter (Table 
7, plot 41), also gave satisfactory control 
during the early summer when applied 
either to one side of every row or to both 
sides. Under conditions of heavier re- 
infestation than at Woodlake, however, 
the application from alternate middles to 
only one side of each row provided much 
less satisfactory protection than did the 
equal dosage applied to both sides. This 
result was manifested by the counts 
on August 27. The leafhopper damage on 
that date was also markedly more severe 
in the area receiving treatment in alter- 
nate middles. 

_ Dusts.—According to estimates, dur- 
ing 1946 about 3000 tons of a DDT dust 
mixture composed of 5 per cent DDT, 50 
per cent dusting sulfur, and 45 per cent 
inert filler was used in California vine- 
yards for grape leafhopper control. The 


fur, leafhopper control can be achieved 
during a routine treatment for mildew. 
The inert filler was used to give more 
volume of dust as a DDT carrier for the 
purpose of providing more uniform cover- 
age of the foliage. It added bulk and ex- 
pense, however, and its necessity was 
questioned. 

Dust Mrxtures.—Dust mixtures con- 
taining the proportions of DDT, com- 
mercial dusting sulfur (with 2 per cent 
conditioner), and inert filler respectively, 
of 5-90-5, 17.5-85-7.5, 10-80-10, and 
5-50-45, applied at the rate of approxi- 
mately 10 pounds per acre, were com- 
pared at Woodlake against overwintered 
adult leafhoppers on 5-acre plots with the 
standard treatment of 5-50-45 at 20 
pounds per acre. All treatments were 
applied on April 23. The results are con- 
tained in Table 3 (plots 11 to 17 inclusive) 
The effectiveness of the treatments, ex- 
pressed in terms of per cent reduction of 
population 3 days after treatment, can 
be related to the amount of actual DDT 
applied per acre, ranging from 93.2 at 
0.46 pounds per acre to 100 at 1 pound 
per acre, except plot 14 at 0.5 pound per 
acre, which shows a greater per cent of 
population reduction than plots 12, 13, 
and 17 at 0.75, 0.86, and 1.0 pound per 





490 


JOURNAL OF Economic ENTOMOLOGY 


Vol. 40, No. 5 


Table 3.—Results of DDT dust treatments on seasonal grape leafhopper populations at Woodlake. 








Rate or Appuica- 
TION? IN Pounps 
PER ACRE 
—_———————— _ 9 V 

Tech- 


nical 


Piotr 
No. anp Formvu ation Per Cent 
Date or Dust Mixture 
or 
TREAtT- 
MENT 


Apr. 
23 





Mix- 
ture 


Inert 


DDT Sulfur! Filler 


ADULTS ON 
INES 


Nympus Pius Aputrts 
PER 20 Leaves 


NYMPHS PER 
20 Leaves 
May May 

10 17 


Per 


—_— . E 


Per 

CENT 

Apr. Repvuc- 
27 TION 





ENT — 
Repuc- June July Aug. Sept. 
TION 17 17 5 5 





263 
140 
104 
230 
152 
302 
152 


April 23 
11 


20.0 
20.0 
20.0 


19 00 
20 00 


Secs Sesocons 
ese sessees 


ooo oeocececsco 


1 93. s 41 
19 

36 

29 

2 

21 

9 

128 

183 

205 


100.0 0 
100 ‘ 66 
100 44 





! Dusting sulfur, 325 mesh, containing 2 per cent tricalcium phosphate conditioner. ‘ 
2 In all treatments the duster traversed every middle; both sides of every vine row receiving dust. 


acre respectively. This exception is diffi- 
cult to explain. In terms of seasonal pro- 
tection the plots receiving the 5-50-45 
mixture at 20 pounds per acre in general 
showed superiority compared with the 
plots receiving the other dusts at 10 
pounds or less per acre. 

On May 9 at Lodi, plots of Tokay and 
Zinfandel grapes were treated with the 
5-90-5, 7.5-85-7.5, 10-80-10, and 5-50-45 
DDT dust mixtures (Table 4, plots 21 to 
26 respectively). Because difficulty was 
experienced in regulating the flow of dust 
to the desired amount, the variance of 
dosage between treatments was unsatis- 
factory. In these tests the effectiveness of 
the different mixtures, as expressed in 
terms of per cent reduction of adult popu- 
lation, did not correspond very closely to 
the comparative rates of application (in 
pounds per acre) of either the mixture or 
actual DDT. On June 13 and July 8, 
however, the leafhopper counts in general 
showed an inverse relation to the rate of 
application in pounds per acre of the 
dusts. On these dates, as well as immedi- 
ately after treatment, the three plots 
treated with the 5-50-45 dust had mark- 


edly fewer leafhoppers than did the other 
three plots. Plot 22, which received more 
dust but less DDT per acre, showed much 
better control than either plot 25 or 26, 
both of which received more DDT but 
less dust per acre. Although dusting con- 
ditions were somewhat better during ap- 
plication on plot 22 than on plots 25 and 
26, apparently the quantity of carrier was 
a factor in control. 

On April 24, Lindsay, 2.5 acre plots of 
Emperor grapes with heavy populations 
of overwintered adults were dusted with 
DDT mixtures of 10-80-10, 10-90-0, 
and 5-90-5 at 10 pounds per acre, and 
5-0-95 and 5-50-45 at 20 pounds per acre, 
as shown in table 5. Five days after treat- 
ment the five plots receiving 1 pound per 
acre of DDT showed population reduc- 
tions of adults from 98.4 to 99.9 per cent, 
whereas the populations in the two plots 
receiving 0.5 pound of DDT per acre 
showed a reduction of only 92.6 per cent. 
On May 20 no correlation was evident be- 
tween nymph populations and treatments. 
Because of the very high population of 
over-wintered adults, egg deposition had 
been heavy. The result was a high popula- 


Table 4.—Results of DDT dust treatments given May 9 on grape leafhopper populations at Lodi. 








Rate or AppPuica- 
TION PER ACRE 
(Pounps) 


Tech- 
nical 


DDT 


Per Cent ForMULATION 





Mix- 


ture 


Inert 
filler 


Sul- 


PLor DDT _ fur 


Number or LEAFHOPPERS 


, Number of 
Nymphs Plus 
Adults per 
20 Leaves 


June 13 July 8 





Per 
Cent 
Repvuc- 
TION 


Adults per 
Mipp.Les 6 Vines 
TRAVERSED 


BY DustTER 


May 8 May 14 





25.0 
14.3 
24.0 
11.1 
11.2 

8.3 


_ 
CNOA aan 
coacoeoo 


8 
19 
9 
59 
89 
182 


71 
63 
141 
195 
114 
181 


Alternate 
Alternate 
Every 

Alternate 
Alternate 
Alternate 


wowans 





1 Dusting sulfur, 325 mesh, containing 2 per cent tricalcium phosphate conditioner. 
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Table 5.—Results of April 24 dust treatments of 2.5-acre plots on grape leafhopper populations at 
Lindsay. Alternate middle traversed by duster except in Plot 31 where every middle was 


traversed. 








NuMBER oF LEAFHOPPERS ON SAMPLING Dates 





Pre- 
treatment, treatment, 
Apr. 23 


Pounps 
PER ACRE 


PLoT FoRMULATION 
No. (In Per CENT) 


Nymphs and 
Post- Reduction Nymphson Adults on 
20 leaves 
May 20 


of Adults 
per cent 


20 leaves 


Apr. 29 June 18 





DDT,? 10; Sulfur' 80, 10 499 
Inert Filler 10 
DDT,? 10; Sulfur 90 10 
DDT,? 5; Sulfur! 90, 10 
Inert Filler 5 
DDT,‘ 5; Sulfur 90, 10 
Inert Filler 5 
DDT,? 5; Inert 
Filler 95 
DDT,‘ 5; Inert 
Filler 95 
DDT,? 5; Sulfur 50; 
Inert Filler 45 
Benzene Hexachloride 
0.5; Sulfur 50; 
Inert Filler 45 


4 99 2 167 


8 98.8 46 
87 92.6 281 


92.6 98 
99.4 
98.4 
99.9 
70.7 





1 Dusting sulfur, 325 mesh, containing 2 per cent tri-calcium phosphate conditioner except for Plot 28 where wettable dustinz 


sulfur was use 


2 Micronized DDT having particle size averaging 3.5 microns. 


? Fused DDT with average particle size 10 to 12 microns, 


4 Non-micronized DDT with average particle size of 10 microns. 


tion of nymphs hatching over a period of 
time. By June 18 this population had been 
greatly reduced, and the comparative 
effectiveness of treatments was again 
evidenced. As in the _ post-treatment 
populations of adults on April 29, im- 
portant differences appeared only be- 
tween the five plots receiving 1 pound of 
DDT per acre, in which the nymphs were 
extremely scarce, and the two plots re- 
ceiving 0.5 pound of DDT, in which the 
nymphs were markedly more abundant. 
In this group of tests the dusting rig used 
apparently gave efficient distribution of 
DDT applied at 10 pounds per acre in al- 


ternate middles; and one could see no 
important differences between dusts com- 
posed of varying proportions of DDT, 
sulfur, or filler. 

Two 2.5-acre plots of Emperor grapes 
at Exeter were dusted on June 18, one 
with a 5-50-45 mixture, the second with a 
10-80-10 mixture of DDT, sulfur, and 
inert dust (Table 6, plots 39 and 40). 
Both dusts were applied at a rate of 1 
pound of DDT per acre. Clearly the 
5-50-45 mixture, though giving a slightly 
lower 3-day post-treatment reduction of 
population, yielded better results by July 
10 than did the 10-80-10 dust. This margin 


Table 6.—Results of June 18 dust treatments of 2.5-acre plots on grape leafhopper opulations at 


Exeter. 








Formvu.atTIon (In Per Cent) 





Rate or APPLICATION 
iN Pounps PER AcRE® Pre- Post- 


NuMBER or LEAFHOPPERS ON 
SampLine Dates 





Adults and Nymphs on 30 Leaves 





Treat- Treat- 





I-Benzene 
Hexa- 


Toxic ment ment Per Cent 


Inert 
chloride DDD! DDT Sulfur? Filler Mixture Agent June 18 June ?2l Reduction July 10 





0.75 
1.0 


20 0.15 98 . 220 
20 20 98 ° 348 
20 : 71 . 104 
10 ‘ 107 ° 146 
20 , 86 ° 6 
10 : 123 , 31 





| |-dichloro-2,2-bis(p-chlorophenyl) ethane. 
? Dusting sulfur, 325 mesh, containing 2 per cent tri-calcium 
3In pom oe ali treatments, the duster traversed every midd 


ease conditioner, 
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of superiority was perhaps due to the 
greater volume of dust per acre—20 
pounds as compared with 10—which might 
accomplish better distribution of the DDT 
particles. 

PartTicLe Size.—The DDT dust mix- 
tures used in the tests at Lindsay (Table 
5) were prepared in three different ways 
as far as the DDT is concerned. Four 
mixtures (plots 27, 29, 31, and 33) were 
prepared with a commercial micronized 
DDT concentrate having an average par- 
ticle size of 3.5 microns. Two mixtures 
(plots 30 and 32) contained DDT in a 
non-micronized form, prepared by putting 
a technical grade DDT with diatomaceous 
earth through a micro-pulverizer, which 
resulted in an average particle size of 10 
microns. One dust (plot 28) was prepared 
by a sulfur-DDT fusing process and had 
an average particle size of 10 to 12 mi- 
crons. As the table shows, the particle 
size or the method of preparing the dust 
(whether fused, micronized, or non-mi- 
cronized) apparently did not much affect 
the degree of control resulting from these 
treatments. 

Comparison 


of benzene hexachloride 


and DDD with DDT. Where dusts made 


of benzene hexachloride or 1 dichloro-2, 
2-bis (p-chlorophenyl) ethane (DDD) 
were used in comparison with DDT 
dusts (Tables 5 and 6), the DDT dusts 
gave better control. DDD gave initial 
control comparable with DDT (Table 6) 
but under the hot, arid conditions of the 
experiment it apparently had less residual 
effectiveness. Benzene hexachloride at 
0.5, 0.75, and 1.0 per cent concentration 
of gamma isomer was considerably less 
effective than the DDT dusts at the 
dosages used in these tests. 

TiminGc oF TREATMENTS.—At present 
there has not been established a federal 
residue tolerance of DDT on grapes. 
Where DDT is found on grape berries 
after harvest, interstate shipments are 
subject to condemnation by federal au- 
thorities. In order to avoid any traces 
of residue, therefore, one must apply 
the DDT before bloom. According to 
the area, the location of the vineyard, 
and the variety of grapes, bloom starts 
about 7 weeks after the buds swell 
and break. The adult leafhoppers, which 
overwinter in and around the vineyards, 
begin to move to the vine foliage just 
after growth starts and continue until 
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after bloom, when the overwintered popu- 
lation approaches the end of its natural 
life span. Egg laying, which occurs ex- 
clusively on the vine, does not begin until 
about 4 weeks after general vine growth 
starts. The first nymphs begin to hatch 
about 3 weeks later, at which time bloom 
is just starting and the cane growth has 
reached an approximate length of 6 feet, 
forming a heavy canopy of leaves. Since 
the use of DDT must be limited to the 
pre-bloom period, the best way of secur- 
ing post-bloom seasonal protection is 
problematical. One may treat for the adult 
leafhoppers before egg deposition starts, 
while the vine growth is short and easily 
covered; or one may delay treatment in 
order to cover the maximum foliage 
growth as late as possible, thus killing 
the nymphs hatching from previously de- 
posited eggs, as well as the remaining 
adults. 

Three 5-acre plots of Emperor grapes at 
Woodlake were dusted on April 23 
(Table 3, plots 15, 16, and 17). On this 
date, dissection showed that 50 per cent 
of the female leafhoppers contained eggs 
ready, or about ready for deposition. 
On May 11, just after the start of bloom, 
three additional 5-acre plots on the same 
ranch (Table 3, plots 18, 19, and 20) were 
dusted when egg-laying activity had 
reached or passed its peak. All six plots 
received 20 pounds per acre of a 5-50-45 
dust, applied with the same duster. As 
the table shows, excellent initial popula- 
tion reductions of adults or nymphs re- 
sulted from all six treatments. Con- 
sidering the two groups of plots as a whole, 
the differences in seasonal protection was 
not markedly great; but the plots treated 
in April had fewer leafhoppers throughout 
the summer than did those treated in 
May. 

Metuop or AppLicaTtion.—Whether 
DDT is used in a dust or a vapor-spray, 
there is the problem of whether the 
material should be applied directly to both 
sides of each vine row or to one side only. 
Dusting and vapor-spraying equipment 
operates two nozzles; when one drives 
down a middle between two rows, both 
rows receive the insecticide on one side. 
Driving in alternate middles, thus treat- 
ing only one side of each row involves 
less time and expense than driving in 
every middle to treat both sides. 

To check on the method of application, 
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the nymphs were counted 2 to 4 weeks 
or more after treatments in vineyards 
where the growers had used both methods 
of driving to apply approximately equal 
amounts per acre of the same dust or 
vapor-spray. The results appear in table 
7. Evidently, where important differences 
in populations occurred, the control was 
always better when the treatment had 
been made by driving in every middle and 
treating both sides of every vine row. All 
applications, it must be noted, were made 
relatively late, when the vines had put 
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On May 11, tests were carried out in the 
Emperor variety vineyard at Woodlake 
with DDT in a vapor-spray, vapor-spray 
emulsion, thermal aerosol fog, and dust 
formulation respectively, as shown in 
table 8 (plots 8, 9, 3, and 18). A nearby 
vineyard which remained without treat- 
ment during the entire season and which 
was too isolated to receive any possible 
drift from treatments in other vineyards, 
was selected to serve both as an untreated 
control vineyard and as a source .of leaf- 
hoppers for the tests. Adults swept from 


Table 7.—Comparison of grape leafhopper populations after treatment by growers with DDT in 
vapor-sprays or dusts applied in every middle or alternate middles. 








Rate or Appuica- 
TION PER ACRE 


Piotr No. a 
AND 
LocaTION 
oF AcrEs 
VINEYARD TREATED 


DDT 
Dust 


Vapor- 
spray 
(Gal- 


lons) 


DaTE OF 
APPLICATION 


(Pounds) 


Noumser or Nympus Per 20 LEAVES 





Vapor-spray Dusts 
Alter- 
nate 

Ever Mid- 

Midd dles 





Alter- 

nate 
Every Mid- Un- 
Middle  dles treated 


Date OF 
SAMPLING 





Exeter 


41 1.5 May 5 + 


Madera 
May 10 
May 20 
May 7 
May 7 
May 10 


May 20 11 13 49 
June 17 0 0 105 
Aug. 27 22 60 86 


June 0 152 67 
June 2 
June 27 
June 35 
June 9 





out considerable growth. At Lodi (Table 
4, plots 25 and 26) no differences as a 
result of alternate or every middle driving 
are apparent in two plots receiving al- 
most the same amount per acre of the 
5-50-45 dust. In all probability, any ad- 
vantage of improved control gained by 
driving every middle rather than alter- 
nate middles would be less during earlier 
applications, when vine growth is short, 
than later, when there is more foliage to 
be covered. The more efficient the equip- 
ment, the less would be the advantage of 
driving in every middle. Air blast, shape, 
and adjustment of nozzles are, of course, 
important factors in determining ade- 
quate coverage. 

DurRaTIoN oF Toxicity.—Because the 
application of DDT in vineyards is at 
present limited to the periods before 
bloom and after harvest—a relatively 
small part of the entire growing season of 
grapes—it is interesting to know how long 
after application the DDT residue affords 
protection against the grape leafhopper. 
Also important are the differences in 
duration of toxicity that result from the 
form in which the DDT is applied. 


vines were transferred with a pipette to 
cloth bags, which were then placed over 
selected leaves. One basal leaf that was 
matured and well exposed to treatment 
was selected on each of three vines in the 
treated and control plots; and the bags, 
containing 30 leafhoppers each, were 
placed over them. After being confined on 
the leaves for 72 hours, the living and the 
dead leafhoppers were counted. The test 
was made 43 days after treatment 
and periodically thereafter until after 
152 days when the experiment was dis- 
continued. For each successive test the 
same vines were chosen, and, usually, 
the same leaves. Sometimes a new leaf 
had to be taken because of injury or loss 
during manual operations in the vine- 
yard. 

As table 8 shows, DDT remained effec- 
tive considerably longer when applied in 
oil rather than dust. When used as a 
vapor-spray, 0.65 pounds of DDT per 
acre showed the same level of toxicity 136 
days after treatment as 1.0 pound per 
acre applied as a dust showed after only 
66 days. The residual toxicity of the dusts 
had already decreased to a low level 43 
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Table 8.—Duration of DDT residue toxicity to adult grape leafhoppers caged for 72 hours on leaves 


of Emperor grapes treated May 11, 1946. 








APPLICATION 
per AcRE 


Averace Mortauity (Per Cent) or 90 Aputt Lear- 
HopPpERS, CaGep IN Lots or 30 per Lear, at INTERVALS 
AFTER TREATMENT 





DDT 


TREATMENT Mixture Pounds 


66 81 101 122 136 152 


43 
Days Days Days Days Days Days Days 





4.0gal. 0.65 
4.0gal. 0.67 
2.6 gal. 0.88 

emulsive li E 
Dust: 5% DDT, 50% dusting sul- 20.0 Ibs. 1.00 


fur, 45% inert filler 
Untreated check 0.0 0.00 


Vapor-spray: 2.4% DDT, 97.6% 
base oil 


Vapor-spray: 5% DDT inemulsive 
Hight oil 30%, water 50% 
ma! aerosol fog: 5% DDT in 


98.8 95.5 82.2 40.0 85.5 10.0 

93.3 65.6 47.7 12.2 10.0 7.7 

100.0 100.0 91.1 58.8 383.3 12.2 12.2 
22.2 34.4 10.0 13.3 4.4 5.5 7.7 
17.7 7.7 4.4 18.3 6.6 10.0 


100.0! 
100.0 





1 Italic figures represent those that are significantly different (odds 19:1) from the untreated check. 


days after treatment, whereas all three 
oil applications still showed 100 per cent 
effectiveness. The vapor-spray method 
appeared to be the most effective, some 
degree of toxicity having remained for 
136 but not 152 days after treatment. 
This period extended from May 11 to 
September 17, or most of the season dur- 
ing which flight activity and danger of 
reinfestation were greatest. 

A comparison of the seasonal popula- 
tions under the different treatments 
(Table 9) confirms the conclusion sug- 
gested by table 8—namely, that the dust 
treatment would yield the least protec- 
tion over the season. The average popu- 
lation in the dusted plots was markedly 
higher on each sampling date beginning 
with June 17 than in the three plots 
treated with oil. There are inconsistencies 
between duration of toxicity (Table 8) 
and seasonal populations (Table 9) among 
plots treated with DDT in oil, but these 
probably result from the fact that only a 
few leaves were used in the cage tests. 

Discussion.—As_ the experiments 
show, the grape leafhopper may be 
effectively controlled by the use of DDT 
in any of the following forms: spray, 
thermal aerosol fog, vapor-spray, or dust. 
The application of a spray is slow and 
necessitates the use of heavy equipment 


in the vineyard. Perhaps the sprays would 
be advantageous only in vineyards in 
which the DDT could be combined with 
a spray required for some other vine 
pest—for example, the Pacific mite. Ther- 
mal aerosol fogs, though presenting in- 
teresting possibilities for grape leaf- 
hopper control, have not yet been tried 
extensively; future testing may show 
what possible advantage this method 
may have as compared with present 
methods of dusting or vapor-spraying. 
The vapor-spray and dust methods are 
both fast and effective. Vapor-spraying is 
somewhat more expensive, and fewer 
machines are in operation. Most vapor- 
spraying is done by commercial operators, 
whereas growers generally use their own 
dusters in applying sulfur for mildew 
control. The combination of DDT with 
dusting sulfur makes grape leafhopper 
control by dusting both the most con- 
venient and the least expensive method. 
The factors that apparently have the 
most influence on control are the coverage, 
the amount of DDT per acre, and the 
timing of application. 

Complete coverage of the foliage was 
more important for good control when 
dusts were used than when sprays or 
vapor-sprays were used. The explanation, 
probably, is the greater persistence of 


Table 9.—Comparison of dust, thermal aerosol fog, and vapor-spray treatments for controlling 


grape leafhoppers at Woodlake. 








TREATMENT 


AveraGe NuMBER or NYMPHS AND 
AbULTs PER 20 LEAVES 


July 17 Aug. 5 





Date oF 


APPLICATION Sept. 5 


June 17 





5% DDT in oil; aerosol fog; 2.6 gallons per acre 
Vapor-sprays; 2.4% in oil; 4 gallons per acre 

5% DDT in emulsive oil 50%; water 50%; 4 gallons per acre 
5% DDT; 50% sulfur 45% inert dust; 20 pounds per acre 


May 11, 19461 0.0 10.5 
May 11, 1946! 0.0 1.0 
May 11, 1946? 0.0 0.0 
May 11, 1946 3.7 36.6 





1 em of 2 plots. 
4 


2 A single plot. 
3 Average of 3 plots. 
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DDT when applied in oil. With dusts and 
vapor-sprays, using the same amount of 
DDT per acre, control was more satis- 
factory when the equipment traversed 
every middle rather than alternate mid- 
dles. The efficiency of the equipment, the 
amount of material used per acre, and the 
amount of foliage present all.were, in the 
use of dusts, modifying factors, and no 
doubt would apply to the oils also. 

Provided the coverage was adequate, 
less DDT per acre was needed for control 
when the DDT was dissolved in oil 
(vapor-spray and aerosol fog) than when 
it was used in dusts. In the former meth- 
ods 0.6 to 0.8 pounds per acre of DDT 
appeared adequate, whereas in dust form 
1.0 pound per acre was needed. Since 
there is danger of vine injury under some 
conditions when sulfur is applied at more 
than 10 pounds per acre, and since the 
addition of DDT to the sulfur increases 
this danger, one can safely apply a greater 
quantity per acre of a dust containing 5 
per cent DDT, 50 per cent dusting sul- 
fur, and 45 per cent inert filler than of a 
dust containing more DDT and sulfur 
and less inert material. The greater vol- 
ume per acre allows better coverage, 
especially when applied by less efficient 
equipment. 

The earlier the application, the less is 
the amount of foliage, and the easier it is 
to obtain adequate coverage. With less 
efficient types of equipment, results are 
better if the applications are early. Even 
when early and late pre-bloom dustings 
were applied with the same equipment, 
which was considered to give very good 
coverage, the results favored the earlier 
applications. As a rule, dust treatments 
applied against the overwintered adults, 
before egg deposition had started, ap- 
peared to give better control of first brood 
numphs than applications made after 
egg laying was in progress. The residue of 
DDT applied in dusts lhefore bloom ap- 
parently does not persis’ long enough to 
afford protection from re-infesting adults 
during the summer. In 1945, when DDT 
applications were permitted only under 
experimental conditions and_ therefore 
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only small, scattered acreages were 
treated, summer re-infestation was heavy. 
In 1946, when DDT was applied to most 
of the vineyard acreage, the general popu- 
lation was apparently reduced sufficiently 
so that heavy summer re-infestation was 
not general and, consequently, relatively 
few vineyards required further control 
measures. Since the residue of DDT after 
application in oil form seems to be effec- 
tive on the treated leaves over a period of 
about 4 months, and application close to 
the start of bloom might provide protec- 
tion further into the summer and give 
better control for the season than an 
application before the start of egg laying. 

SumMary.—The grape leafhoppers were 
effectively controlled by DDT used in 
spray, thermal aerosol fog, vapor-spray, 
and dust. 

The factors most important for control 
were apparently the coverage, the amount 
of DDT per acre, and the timing of the 
application. Modifying factors were the 
efficiency of equipment used, the volume 
of dust per acre, and the amount of foliage 
present. 

No apparent differences in control 
resulted from the use of dusts containing 
DDT prepared in micronized, non-mi- 
cronized, or fused forms with average 
particle sizes of 3.5, 10, and 10 to 12 
microns. 

At concentrations and dosages used in 
these experiments, neither DDD nor 666 
was so effective as DDT against the grape 
leafhopper. 

In the field treatments, DDT remained 
effective on grape leaves for a consider- 
ably longer period when applied in oil 
than when used in dust mixture. As a 
vapor-spray, 0.65 pounds per acre of DDT 
showed the same level of toxicity 186 days 
after application as did 1.0 pound per 
acre 66 days after application as a dust. 
No toxicity to grape leafhoppers from 
DDT residue was evident in any plot 152 
days after treatment.—2-10-47. 
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Control of a Leaf Miner on Peas 


W. Harry Lance, Jr. and Lesure M. Smitru!? 


The pea leaf miner, Liriomyza orbona 
(Meig.)* is a serious pest of peas and 
spinach in California. It is closely related 
to the serpentine leaf miner, Liriomyza 
(Agromyza) flaveola  (Fall.) =pusilla 
(Meig.), and has often been confused 
with this species. Some published informa- 
tion on the pea leaf miner occurs under 
the name of the serpentine leaf miner. The 
population of this species drops during the 
winter, but increases in the spring and 
summer so that by fall, the flies are very 
numerous. The fall generations have 
rendered fall pea production hazardous, 
and have thus been responsible for greatly 
curtailed planting of fall peas. This prob- 
lem has been made more acute by the 
culture of sugar beets in the pea producing 
areas. Sugar beets are one of the favorite 
hosts of the leaf miner and provide a 
medium on which the spring and summer 
generations multiply. Field evidence in- 
dicates that peas grown in the immediate 
vicinity of sugar beet fields are more 
severely injured by leaf miners than 
otherwise. 

The writers have studied the biology 
and control of this pest intermittently 
since 1933.4 Many various combinations 
of chemicals were tested but none were 
highly successful. Some degree of control 
was obtained in 1945 using repeated ap- 
plications of a 5 per cent DDT dust or 
lead arsenate-sulfur dusts.’ The first suc- 
cessful laboratory and field trials were 
conducted in 1946. Prior to this time, 
commercial growers of fall peas used 
repeated applications of a dust composed 
of 30 per cent lead arsenate and 70 per 
cent sulfur. This appeared to have some 
repellant action on the adults and may 
have been ingested to some extent by the 
adults while feeding. A second method 
used commercially was the application of 
a light phytonomic oil containing 0.25 
per cent rotenone or 2.4 per cent DDT.® 

1 Assistant Entomologist and Associate Entomologist respec- 
os in the California Agricultural Experiment Station. 
he authors acknowledge the assistance of A. Machado in 
the field trials, T. Castlein. conducting laboratory tests, and A. L. 
Castle and C. O. Persing in formulating dust materials. 
3 Diptera, Agromyzidae. 


4 Complete results of these studies will be presented in a later 
publication. 

5 California Experiment Station Circular 365: 52-4, 1946. 

6 Investigations with DDT in California, 1944, "California 
owe Experiment Station, 18-22, Marcli 1945 (proc- 
esse 


This was applied as an oil mist, without 
water. Neither of these methods yielded 
the desired measure of control. Our 
results in. 1946 indicated a_ feasible 
method of control and are presented here 
to serve as a basis of control for the 
following season. 
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Fig. 1.—Per cent mortality of pea leaf miner adults 
following exposure to known deposits of several in- 
secticides (from table 1). 


LaBorAToRY TEsts.—Laboratory tests 
were made comparing the effect of known 
deposits of certain chemicals on adults of 
the pea leaf miner. The chemicals tested 
included chlordane or CoH ¢Cls,’ hexa- 
chlorocyclohexane, DDT, and hexaethy! 
tetraphosphate. The chemicals were dis- 
solved in benzene so that 1 milliliter of 
the solution contained 1 microgram of the 
chemical. One, 2, and 3 milliliters of the 
solutions were placed in the bottoms of 
clean petri dishes (63.62 sq. em.) and the 
benzene evaporated. In each test 10 flies 
2 days old were placed in the petri dishes 
at room temperature (21° to 25° C.) ata 
constant illumination and the knock- 
down of flies recorded at hourly intervals. 
Three replications for each dilution were 
used simultaneously and checks included 
benzene alone and blanks. 

The results of one series is summarized 
in table 1 and shown graphically in figure 
1. The results as given in table 1 indicated 
that at the concentrations tested chlor- 
dane gave higher mortalities at the end of 
16 hours exposure than hexachlorocyclo- 
hexane, DDT, or hexaethyl tetraphos- 
phate. Hexachlorocyclohexane = gave 


7 Also known as Octa-Klor and Velsicol 1068. 


496 











August 1947 





Table 1.—Per cent kill of flies following exposure to known deposits of several insecticides. 
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MIcROGRAMS 
hout PER 10 Sq. Per Cent Mortauity Fottowina Hours Exposure 
Ided In. (Excerpt 
Our MateriAt! as Notep) 2 4 6 8 10 14 16 20 94 
sible Chlordane 1 3.3 $3.3 28.3 58.3 88.3 93.3 100.0 
here 2 3.3 6.6 36.6 73.3 96.6 100.0 
the 3 16.6 50.0 70.0 100.0 
Hexachlorocyclo- 1 13.3 23.3 30.0 40.0 46.6 53.3 56.6 60.0 
oe hexane 2 3.3 10.0 383.3 53.3 66.6 76.6 76.6 90.0 90.0 
3 43.3 53.3 73.3 93.3 100.0 
DDT ] 16.6 16.6 2.6 36.6 56.6 56.6 66.6 73.3 
2 3.3 10.0 18.3 20.0 30.0 48.3 73.3 73.3 
3 3.3 26.6 33.3 40.0 60.0 80.0 90.0 96.6 100.0 
Hexaethy] tetra- 1 6.6 13.3 26.6 33.3 43.3 46.6 
phosphate Q 3.3 3.3 10.0 20.0 23.3 30.0 50.0 63.3 66.6 
3 3.3 20.0 33.3 438.3 46.6. 33.3 56.6 66.6 70.0 
Check, benzene 1 ce. 16.6 20.0 28.3 30.0 30.0 58.3 60.0 
a 3 ce. 3.3 6.6 138.3 13.3 26.6 36.6 
pa Check, clean 20.0 20.0 30.0 33.3 
ults ) The grade of materials used were as follows: chlordane, technical grade; hexachlorocyclohexane, technical grade, containing 10 
in- per cent gamma isomer; DDT, technical grade; hexaethyl tetraphosphate, pure chemical. 
sts higher initial kills than did chlordane and In the first large scale trial a 17-acre 
wn DDT. This series was repeated with al- field at Santa Clara, California was 
of most identical results. In figure 1,4 hours dusted July 9 with a mixture of 5 per cent 
ed was selected because the first comparisons DDT, 25 per cent standard lead arsenate, 
a- of the several insecticides can be made at 50 per cent sulfur, and 20 per cent inert. 
yl this time; 16 hours was chosen because of This was followed by dustings on July 19, 
is- the high mortality of the checks after this July 31, and August 12 with a similar 
of period. mixture except that 10 per cent DDT was 
ne FreLp Trests.—Field plots during 1946 used. A power driven row crop duster 
re consisted of two large scale applications delivering approximately 25 pounds per 
of and a series of smaller plots testing the acre was used. The peas (Morse’s number 
1e newer insecticides. As previously men- 60) were planted July 9. Twenty-four 
aS tioned work during 1945 indicated DDT rows were left untreated in the center of 
s and a mixture of lead arsenate and sulfur _ the field. On August 26, four series of 25 





were partially effective in controlling the 
pea leaf miner. 












Table 2.—Results of treating a 17 acre pea field at Santa Clara, California with a mixture of DDT, 
lead arsenate and sulfur, for the control of pea leaf miner, pea aphid and thrips. 


plants from the treated and untreated 
areas were examined for leaf miner con- 
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trol, pea aphid control, and thrips control. 
The results are tabulated in table 2. This 
trial indicated excellent control of aphids 
and thrips (onion thrips) and some re- 
duction in larval mining of the pea leaf 
miner. During the period September 17 
to 25 a total of 3,210 tubs of peas weighing 
26 pounds a tub were harvested and dur- 
ing October 4 to 7 another 1,200 tubs. 

Another 17 acre field planted on July 
8 was dusted July 13, July 23, and August 
3, 16, and 28, with a similar dust except 
5 per cent DDT was used for all the ap- 
plications. Twenty-five pounds of dust 
per application was used per acre and 18 
rows were left untreated in the center of 
the field. On September 16, 25 plants from 
the treated and a similar number from 
the untreated were examined in detail for 
the control of pea leaf miner, pea aphids, 
and onion thrips. The number of pea leaf 
miner burrowings averaged 62.8 mines 
per plant on the untreated plants and 6.2 
mines per plant on the treated. An average 
of 1.6 pea aphids were found on the un- 
treated plants and no aphids on the 
treated plants. Thrips were not abundant, 
but an average of 1.5 nymphs and adults 
were found on the untreated plants and 
none on the treated plants. There were no 
rough pods (caused by the rough pod 
mosaic which is transmitted by the pea 
aphid) in the treated and 8 per cent in 
the untreated plants. During the period 
September 28 to October 3 a total of 
2,800 twenty-six pound tubs of peas were 
harvested and during October 12 to 14 
an additional 400 tubs. 

In addition to these large scale trials, 
several chemicals were tested at Santa 
Clara, California on small plots of Morse’s 
60 peas during 1946. The dust materials 
used were as follows: (1) 5 per cent DDT, 
standard lead arsenate and sulfur; (2) 5 
per cent hexachlorocyclohexane; (3) 
per cent hexachlorocyclohexane with 50 
per cent sulfur; (4) 5 per cent chlordane; 
(5) 5 per cent chlordane with 50 per cent 
sulfur; (6) 3 per cent DDD® with Lethane 
B-72 and sulfur; (7) 5 per cent methoxy 


analog of DDT with 50 per cent sulfur; 


and (8) untreated checks. The complete 
formulations are given in table 3. 

The dusts were applied by means of a 
power driven duster at the rate of 26 
pounds to the acre for each application. 


8 Rhothane D-3, 2,2-bis(parachlorophenyl)-1, 1-dichloroethane, 


Rohm and Haas Company. 
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The peas were planted July 10. Applica- 
tions were made on July 29, August 5, 
August 19, September 1, and September 
10. The plots consisted of areas 12 rows 
wide (40 feet) by 300 feet long. Each 
material was repeated two times. 

On September 16, twenty-five plants 
from each plot (50 for each treatment) 
were pulled and examined for the degree 
of mining from the pea leaf miner. It was 
found that leaf number 6 from the top of 


Table 3.—Results of field plots for the control 
of the pea leaf miner on peas obtained at Santa 
Clara, California, during 1946, using several dust 
materials. 
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DDT, 5 per cent;! standard lead arsenate, 5.5 82.7 
25 per cent; sulfur, 50 per cent; inert, 
20 per cent 

Gebers clohexane, 5 per cent;? py- 
rophyllite, 90 per cent; other inert, 5 

r cent 

Hexachlorocyclohexane, 5 per cent;? sul- 5.2 
fur, 52 pe cent; pyrophyllite, 88 per 
cent; other inert, 5 per cent 

Chlordane (technical), 3 5 per cent; clay, 

10 per cent; pyrop illite, 80 per cent; 
other inert, 5 per cent 

ven (technical), 3 5 per cent; clay, 

ar, cent, pyropiyllite, 28 per cent; 
ol 52 per cent; other inert, 5 per 


10.7 66.4 


DDD. 8 per cent; beta beta’ dithiocyano- 
diethy ether, 1.2 per cent; sulfur, 48 
per cent; inert, 47.8 per cent 

Methoxy analog DDT, 45 per cent; pyro- 
phyllite, 90 per cent; other inert, 5 per 


cent 
Untreated 31.8 





1 Made from Prentiss micronized 50 per cent concentrate. 

2 Made from Stauffer technical 10 to 12 per cent gamma isomer 
content formulated in micro-pulverizer with equal quantity of 
inert. 

3 2 parts technical chlordane diluted with 1 part carbon tetra- 
chloridae and sprayed into dry ingredients. 

4 Di (methoxypheny]) trichloroethane 59 per cent concentrate, 
e I. du Pont de Nemours and Company, Inc. used in making 

ust. 


the plant gave the best index of control. 
The results of these counts are shown in 
table 3. The populations of pea aphids 
and thrips were not great enough to give 


significant differences. These plots in- 
dicated that chlordane is very effective in 
controlling the pea leaf miner when ap- 
plied as a 5 per cent dust with 5 applica- 
tions. Good control was also obtained 
with the DDT-lead arsenate-sulfur mix- 
ture, hexachlorocyclohexane with sulfur, 
and with a mixture of DDD-Lethane- 
sulfur. In the chlordane plots practically 
no adult feeding or egg punctures were 
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found on the leaves, and adult flies were 
scarce; whereas there were many adults, 
egg punctures, and feeding punctures in 
adjoining untreated areas. Pea kernels 
from the hexachlorocyclohexane dusted 
plots had a definite objectionable taste 
which might limit the use of this chemical, 
at least the technical grade of material. 
SumMary.—The pea leaf miner, Lirio- 
myza orbona (Meig.), is a serious pest of 
green peas and spinach in California. 
Peas are damaged severely in the fall 
when populations are high. Sugar beets 
are a favorite host and tend to breed large 
numbers of flies. Control in the past has 
been obtained to a minor extent through 
the use of a dust containing 30 per cent 
standard lead arsenate and 70 per cent 
sulfur. During 1944-45 frequent dustings 
of a 5 per cent DDT dust gave some de- 
gree of control as did the application of an 
atomized oil containing 0.25 per cent 


rotenone or 2.4 per cent DDT. The first 
successful control trials were conducted 


_during 1946. In experimental trials the 


new chlorinated hydrocarbon chlordane 
as a 5 per cent dust, using 5 applications 
at 26 pounds per acre gave a 98 per cent 
control. In a large scale test a dust con- 
taining 10 per cent DDT, 25 per cent lead 
arsenate, and 50 per cent sulfur gave a 79 
per cent control of the miner and excellent 
controls of pea aphid and onion thrips. In 
a second field a similar dust containing 5 
per cent DDT also gave good control of 
the pea leaf miner, pea aphid, and thrips. 
Laboratory tests using known deposits of 
chlordane, hexachlorocyclohexane, DDT 
and hexaethyl tetraphosphate indicated 
that chlordane was the most effective, 
killing 100 per cent of the adult flies in 
16 hours with a dosage of 2 micrograms 
per 10 square inches of surface. 





Toxicants in Oils for Control of the Citrus Blackfly' 


C. C. Ptummer and J. G. Saaw, U.S.D.A., Agr. Res. Adm., 
Bureau of Entomology and Plant Quarantine 


The citrus blackfly, Aleurocanthus wog- 
lumi Ashby, was first discovered in this 
hemisphere in 1913 in Jamaica. Few de- 
tailed studies on its chemical control have 
been made because of the fact that its 
parasite, Eretmocerus serius Silv., was 
introduced into Cuba in 1980, gave excel- 
lent control there, and was soon distrib- 
uted through the West Indies and in parts 
of Central America (Clausen & Berry 
1932). Prior to the introduction of the 
parasite efforts were made to control the 
citrus blackfly by spraying. Ashby (1915) 
in Jamaica used kerosene emulsion. 
Ritchie (1916), also in Jamaica, used the 
Florida citrus scale spray prepared with 
paraffin oil and whale-oil soap. Dietz & 
Zetek (1920) in the Canal Zone used 5 and 
10 per cent kerosene emulsions and also 
nicotine oleate. Bruner (1931) in Cuba, at 
about the time the parasite was being 
introduced, tried oil emulsions and, in 
order to avoid injury, recommended that 
such sprays should be used only every 2 
months and between November and 
April. After the introduction of the black- 


1 These studies were conducted as part of a cooperative project 
with the Secretaria de Agricultura y Ganaderia, Mexico. 


fly into the island of Key West, Fla., in 
1934, it was eradicated there by applying 
oil sprays every 20 days, until June 1937, 
except for a short period in the spring of 
1936 (Newell & Brown 1939), a procedure 
not applicable in commercial control. The 
parasite was introduced into Mexico in 
1943, but because of the long dry season 
on the west coast, where the blackfly had 
gained entrance and was doing important 
damage, it was not sufficiently effective 
to establish control. An efficient spray for 
practical use therefore became important, 
and the experiments here reported were 
undertaken in Cuernavaca, Morelos, to 
which the blackfly had spread from the 
west coast. 

Mertuops.—One-tree plots were found 
to be satisfactory for the evaluation of 
insecticides for control of this insect. The 
usual method was to select trees of similar 
variety, size, and intensity of infestation 
in one part of a grove. This procedure was 
repeated in different parts of the grove 
until the desired number of blocks were 
attained. Each treatment was assigned 
at random to one numbered tree in each 
block. Leaves of medium age were picked 
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at random from all parts of a tree. It was 
not difficult to randomize samples, be- 
cause infestation was always confined to 
the underside of the leaf. Leaves were 
placed in a paper bag bearing the same 
number as the tree from which they were 
picked, and were taken to the laboratory, 
where living larvae and pupae were 
counted under a binocular microscope. 
Living insects were determined by the 
presence of body fluids when each insect 
was crushed with a needle. 

To correct for the correlation between 
mean and variance it was necessary to 
transform actual numbers of blackfly lar- 
vae and pupae to 4/n+0.5 prior to an- 
alysis of variance. So far analyses of vari- 
ance of uniformity data have shown no 
significant differences between popula- 
tions in plots prior to treatment. Differ- 
ences in population between blocks were 
usually significant, owing to variation in 
infestation in different parts of even small 
citrus groves. 

Small Mexican sour-lime trees, 6 to 8 
feet tall, proved to be excellent for these 
studies because of the relatively small size 
of their leaves. Much more time would 
be required to count the larvae and pupae 
that can develop on the larger leaves of 
orange and grapefruit trees. Moreover, 
insecticides could be applied more effect- 
ively on the smaller trees with light spray 
equipment. Following exploratory studies, 
sprays were applied at pressures of 200 
to 250 pounds per square inch by using a 
standard Bean spray gun with a disc 
opening of 0.47 inch. Coverage was much 
better under these conditions. Leaf sam- 
ples were usually collected 2 weeks after 
spray application. 

EXxpLoratory Stupies.'—In these stu- 
dies the concentration of oil was held at 
percentages lower than those generally 
used in California (1.67 per cent), owing 
to lack of knowledge concerning the reac- 
tion of citrus trees to oils in subtropical 
Cuernavaca. Very low pressures were 
used in applying the sprays. 

In one year 11 well-spaced applications 
of each of the following sprays were made 
on 1 tangerine and 5 orange trees by 
means of knapsack sprayers: 5 per cent 
kerosene emulsion, an emulsion containing 
0.75 per cent of light-medium emulsive 


1 The writers wish to thank their former colleague, J. W. 
Roleck, for his assistance in these exploratory studies. 


JOURNAL OF Economic ENTOMOLOGY 


Vol. 40, No. 4 


oil,? emulsions containing each of these 
oils with DDT added at the rate of 6 
grams in emulsive oil to make 100 ml.’ 
and 0.9 gram in kerosene to make 100 ml. 
In both instances this is equivalent to 
0.375 pound in 100 gallons of final emul- 
sion. Many larvae and pupae of the black- 
fly were killed, as was shown when period- 
ical samples of 20 leaves were taken from 
each tree. None of the sprays, however, 
were considered especially efficacious. 

In another experiment with duplicate 
blocks of 16 grapefruit and orange trees, 
4 monthly applications, from April to 
July, were made by means of knapsack 
sprayers with emulsions containing 0.75 
per cent and 1.5 per cent of light-medium 
tank-mix oil.‘ Samples of 20 leaves taken 
from each of the middle 4 trees of each 
plot indicated that control was not high. 
This can probably be ascribed to the man- 
ner of applying the emulsions. 

In another experiment, following re- 
search of Ebeling (1945), emulsions con- 
taining 0.875 per cent of light-medium 
emulsive oil, light emulsive oil,® or kero- 
sene,® each mixed with 0.125 per cent of 
commercial dibutyl phthalate, were used 
with and without derris extractives con- 
taining 30 per cent of rotenone. The derris 
extractives were dissolved at the rate of 
5 grams of rotenone in 100 grams of di- 
butyl phthalate, or 1 part in about 60,512 
parts of spray emulsion. 

Each of the 6 preparations was ap- 
plied 4 times on 6 small Mexican sour- 
lime trees at intervals of approximately 1 
month between November 6, 1945, and 
February 14, 1946. With a motorized 
wheelbarrow sprayer and a small spray 
gun, trees were sprayed at a pressure of 
about 100 pounds per square inch. A 50- 
leaf sample was picked from each tree be- 
fore the first spraying and after each 


spraying. 


2? The same brand of light-medium emulsive oil was used 
throughout this study. It has the following characteristics: Un- 
sulfonated residue 92 per cent; distillation at 636° F., 57 per 
cent; viscosity, Saybolt at 100°, 64 seconds. (Data from Lco- 
nomic Poisons, 1944-45. Calif. State Dept. Agr. Special Pub. 
213. p. 79. 1945.) 

3 At this concentration DDT will gradually crystailize out of 
oil held at room temperatures. 

4 Oil with the following characteristics: Unsulfonated residue 
92 per cent; distillation at 636° F., 55 per cent; viscosity, Saybolt 
at 100°, 67 seconds. (Data from Economic Poisons, 1942-43. 
Calif, State Dept. Agr. Special Pub, 200, p. 85. 1943.) 

5 The same brand of et ht emulsive oil was used throughout 
this study. It has the following characteristics: Unsulfonated 
residue, 90 per cent minimum; distillation at 636° F., 64 to 79 
= cent; viscosity, Saybolt at 100°, 60 seconds. Data from re- 

ner. 

_ © Including 0.01 per cent of glyceryl] dioleate in finished emul- 
sion, 
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Table 1.—Effectiveness of one application of sprays containing 1.67 per cent of light-medium emul- 
sive oil, alone and with various toxicants, against the citrus blackfly. 








NuMBER oF Livine Insects Founp 


- Mean \/n+0.5 





Second- 
Instar 
Larvae 


First- 
Instar 
Larvae 


Toxicant AppED To O1L 





Third- 
Instar 
Larvae 


Third- 
Instar 
Larvae 


Pupae Pupae 





None 58 3 
Benzene hexachloride 103 6 
Chlorinated camphene 142 9 
Chlordane 70 3 
Lethane 60 259 3 
Derris (rotenone) 20 0 
Untreated control 4898 7 


7 1072 
33 2476 
169 3371 
10 1254 
16 791 
- O 5 
12870 4818 


1.219 
1.769 
4.319 
1.347 
1.593 
0.707 
45.287 


11.591 
16.865 
20.950 
12.377 
10.602 

1.029 
27.736 





Significant difference between means: 
At 5% level 
At 1% level 


5.139 
6.921 


7.707 
10.380 





The addition of rotenone greatly in- 
creased the effectiveness of the oil sprays, 
and kerosene with rotenone added was 
about as effective as either light or light- 
medium oil without rotenone. These prep- 
arations, however, are not satisfactory 
for commercial control because they do 
not kill a high enough percentage of the 
blackfly population. It was therefore de- 
sirable to test higher concentrations of oil 
and rotenone. More satisfactory control 
might be expected if sprays were thor- 
oughly applied at higher pressures. 

EXPERIMENT 1.—In this experiment the 
toxicity of an emulsion containing 1.67 
per cent of commercial light-medium 
emulsive oil, with and without added 
materials, was evaluated. Commercially 
powdered derris root containing 5 per cent 
rotenone was mixed at the rate of 4.5 
ounces (0.225 ounce of rotenone) in oil to 
make 1 gallon. The amounts of toxicant 
in other insecticides added to oils were 
calculated to be four times as great as 
that of rotenone, or 0.9 ounce per gallon. 
One of these was benzene hexachloride, 
stated to contain 18 to 20 per cent of the 
gamma isomer. Other preparations were 
a chlorinated camphene designated ex- 
perimentally as Hercules 3956', containing 
25 per cent of active ingredient; another 
chlorinated hydrocarbon called chlordane, 
considered as 100 per cent active, and 
Lethane 60 (beta-thiocyanoethyl esters of 
aliphatic fatty acids) with 50 per cent of 
toxicant. All toxicants were mixed with 
oil at least 24 hours before application, 
and the mixtures were agitated occasion- 


! Toxaphene. 


ally. Sour-lime trees were sprayed on 
September 12 and 13, 18.25 to 24 gallons 
of emulsion being applied on the 6 trees 
given each treatment. On September 30 
the insects on 50-leaf samples from each 
tree were counted. The data are summa- 
rized in table 1. 

Marked reductions in numbers of lar- 
vae in all instars are shown in all spray 
plots (table 1). The reduction in number 
of first-instar larvae is greatest in plots 
sprayed with rotenone in oil. However, 
analysis shows no significant difference 
between treatments. Possibly first-instar 
larvae hatched from eggs that were not 
killed by the insecticides, but this point 
requires further investigation. Very few 
second-instar larvae were recorded in any 
of the spray plots. This may be due to the 
killing of great numbers of first instar lar- 
vae, especial susceptibility of second-in- 
star larvae to oil sprays, or to a combina- 
tion of both. Against third-instar larvae 
differences between treatments, except 
that with the untreated control, are not 
significant. It is possible that the high 
percentage of inert material mixed with 
chlorinated camphene reduced its toxic- 
ity. 

A comparison of the numbers of pupae 
emphasizes the great superiority of rote- 
none in oil over the other treatments. The 
mean number of pupae in these plots is 
statistically lower than the mean in plots 
sprayed with oil alone. The mean for oil 
alone, however, shows highly significant 
reductions over the control. 

Leaf samples collected a month later, 
on October 30, from only the trees sprayed 
with rotenone in oil and with oil alone 
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showed notable increases in numbers of 
first- and second-instar larvae but rela- 
tively few third-instar larvae and pupae. 
Samples collected on November 27, sev- 
eral weeks after the beginning of the dry 
season, showed very large increases in 
numbers of blackfly larvae, and it was 
necessary to spray the trees again before 
they blossomed in the winter months. It 
is unlikely that infestation would have 
developed so rapidly had all trees in the 
grove been sprayed with an effective in- 
secticide. 

EXPERIMENT 2.—The purpose of this 
experiment was to procure data on the 
toxicity of 2 concentrations of cube dusts 
containing, rotenone when added to 2 
kinds of spray oil. This experiment was 
carried on in the same grove as experi- 
ment 1 and comprised 6 blocks with 6 
Mexican sour-lime trees in each. The 
treatments consisted of emulsions con- 
taining 1.67 per cent of light-medium 
emulsive oil, alone and with powdered 
cube (5 per cent rotenone) in two strengths, 
4.5 ounces and $ ounces, each in oil to 
make 1 gallon; and similar mixtures using 
light emulsive oil. The cube powder was 
added to the oils at least 15 hours pre- 
vious to mixing with water. Three ounces 
of cube powder containing 5 per cent of 
rotenone gives a rotenone content in 1 
gallon of oil of approximately 0.12 per 
cent. ‘This is the amount now included in 
some newly introduced commercial prep- 
arations. By methods already described, 
trees were sprayed on October 29 and 30, 
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and 50-leaf samples were picked from 
each tree on November 12 for examina- 
tion. The data on infestation after spray- 
ing are summarized in table 2. 

The data in table 2 show that 1.67 per 
cent light-medium emulsive oil, with and 
without rotenone, was not so effective in 
controlling first-instar larvae as in the 
first experiment. There was a very large 
population of blackflies on the trees used 
in experiment 2. It seems possible, there- 
fore, that this fact offers the explanation. 
It has been shown (Knight 1932) that a 
given dosage of oil is less effective against 
a heavy infestation of scale insects than 
against a light infestation. Various expla- 
nations have been given for such results 
but extensive experiments with the vapor- 
heat process over a period of years in 
laboratories of the Division of Fruitfly 
Investigations of the Bureau of Ento- 
mology and Plant Quarantine have shown 
that per cent kill is a function of popula- 
tion size. It may be, therefore, that we are 
here encountering the same phenomenon 
—that resistance to oil sprays has a simi- 
lar explanation. 

The ¢ test applied to these data on 
numbers of first-instar larvae, after trans- 
formation to «/n+0.5, shows that light- 
medium oil was significantly better than 
light oil, and that the addition of 4.5 
ounces of cube dust caused a highly sig- 
nificant reduction in the number of first- 
instar larvae over that caused by light 
oil alone. Such marked reductions in 
numbers of first-instar larvae did not ap- 


Table 2.—Effectiveness of one application of sprays containing 1.67 per cent of light or light- 
medium emulsive oi], alone or with cube added, against the citrus blackfly. 








NuMBER OF Livine Insects Founp 


Mean \/n+0.5 





First- 
Instar 


TREATMENT Larvae 


Second- 
Instar 
Larvae Larvae 


First- 
Instar 
Larvae 


Third- 
Instar 


Pupae Pupae 





Light emulsive oil: 
Alone 1274 
With cube dust 3 ounces 668 
With cube dust 4.5 ounces 146 


Light-medium emulsive oil: 
Alone 423 
With cube dust 3 ounces 99 
With cube dust 4.5 ounces 490 


23 .328 
3.627 
2.423 


12.761 
9.824 
4.617 


131 3342 
1 88 
0 43 


16.510 
3.339 
1.798 


7.599. 
3.421 
6.638 


44 1760 
Pe, 82 
0 29 





Significant difference between means: 
At 5% level 
At 1% level 


8.887 
12.024 


4.874 
6.595 






























oil against the citrus blackfly. 


Table 3.—Comparative effectiveness of one application of two DDT formulations and of derris in 
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Number or Livine Insects Founp 





Second-Instar 
Larvae 








Third-Instar 
Larvae Pupae 











TREATMENT Oct. 30 Nov. 27 Oct. 30 Nov. 27 Oct. 30 Nov. 27 
40% DDT wettable powder 82 _— 110 — 47 — 
DDT-xylene-kerosene 0 1 0 0 2201 44 
Derris-emulsive oil 0 4 2 0 222 1 
Untreated control 1087 — 2275 — 3458 -- 








1 178 recorded on 1 leaf. 
2 18 recorded on 1 leaf. 


pear with the addition of either 4.5 or 3 
ounces of cube dust to light-medium oil, 
and differences between means were not 
significant. No second-instar larvae were 
found on any of the leaves, and only 1 
third-instar larva was found on 1,200 
leaves from 24 trees sprayed with 2 con- 
centrations of cube dust in oil. On the 
other hand, a total of 175 third-instar 
larvae were counted on the 600 leaves 
picked from 12 trees sprayed with light 
oil and light-medium oil. Differences be- 
tween light and light-medium oils were 
not significant, even though almost twice 
as Many pupae were counted in plots 
sprayed with light oil alone as in those 
treated with light-medium oil. The addi- 
tion of either concentration of rotenone to 
either oil, however, gave reduction in 
population that was highly significant. 

EXPERIMENT 3.—The purpose of this 
experiment was to obtain more informa- 
tion on the toxicity of derris dust in oil, 
as well as of two formulations of DDT. 
The experiment was conducted on 4 blocks 
comprising a total of 8 navel orange and 8 
Mexican sour-lime trees growing in a 
mixed planting. Following methods al- 
ready described, 4 trees (2 orange and 2 
lime) were sprayed on October 16 and 17 
with 40 per cent water-dispersible DDT 
at the rate of 15 pounds in water to make 
100 gallons; 2 ounces of dried blood 
spreader were included in the spray. Four 
more trees were sprayed with technical 
DDT dissolved at the rate of 1.67 pounds 
in 0.3 gallon of xylene, 2 fluid ounces of 
glycery! dioleate, and enough kerosene to 
make 3 gallons, mixed with 1 ounce of 
dried blood and 97 gallons of water. Four 
other trees were sprayed with an emulsion 
containing 1.67 per cent of light-medium 
emulsive oil containing 6 ounces of pow- 









dered derris root (5 per cent rotenone) 
in oil to make 1 gallon. The dust was 
placed in the oil 40 hours prior to its use 
in the field. Four trees remained untreated. 
All host trees on the property not included 
in the experiment were sprayed with the 
DDT-kerosene-xylene preparation, and 
samples of only 25 leaves were picked from 
each of 16 trees on October 30, 1946. Un- 
fortunately, first-instar larvae were not 
counted. The data on infestation are 
summarized in table 3. 

Just about perfect control of second- 
and third-instar larvae was obtained with 
either DDT in kerosene-xylene or derris 
in oil. The amount of derris in oil was 33 
per cent greater than that used in experi- 
ment 1. DDT in kerosene-xylene is not 
so toxic as derris in oil, if judged by num- 
bers of living pupae recorded in this ex- 
periment. This interpretation may be 
incorrect, since a high percentage of the 
pupae were found on a single leaf in each 
treatment. These leaves may have been 
missed in spraying. The application of 
heavy concentration of water-dispersible 
DDT resulted in a marked reduction in 
blackfly population. 

Second samples of leaves, collected on 
November 27 from trees sprayed with 
DDT in kerosene-xylene and from trees 
sprayed with derris in oil, showed little 
if any increase in population of larvae and 
pupae during the month. On the basis of 
small samples collected in both October 
and November, it appears that derris in 
oil is more effective against the pupae 
than is DDT in kerosene-xylene. 

Discussion.—The studies reported in 
this paper were confined to Cuernavaca. 
The conditions under which some of them 
have been made are severe in that 
sprayed plots are small and trees are read- 
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ily reinfested from surrounding citrus 
and other host trees. Many factors must 
be considered in spraying citrus trees with 
oils (Quayle 1938), and no exact state- 
ment as to timing of sprays can be given 
at present. In Cuernavaca it appears ad- 
visable to spray trees with preparations 
of 1.67 per cent light-medium emulsive 
oil containing 4.5 ounces of derris or cube 
dust (5 per cent rotenone) per gallon of 
oil at the start of the rainy season in May 
or June, provided the fruit is large enough 
to minimize the possibility of injury. A 
second application will probably be neces- 
sary in September or October, near the 
end of the rainy season. It seems likely 
that blossoming and small size of fruit 
will preclude a third application between 
January and May. 

Summary.—An efficient spray for the 
practical control of the citrus blackfly, 
Aleurocanthus woglumi Ashby, became 
necessary owing to the failure of its im- 
portant parasite, Eretmocerus serius Silv., 
to control it in certain parts of Mexico. 
Exploratory studies in Cuernavaca, More- 
los, Mexico, on the control of the blackfly 
included 11 applications in one year of 
kerosene and spray oil emulsions, with 
and without small amounts of DDT; 4 
monthly applications of tank-mix oil, 
and 4 monthly applications of kerosene 
and spray oils containing dibutyl phthal- 
ate in which derris extractives were dis- 
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solved. All these insecticides were effect- 
ive to a certain extent at the low concen- 
trations tested. 

Further field tests on Mexican sour- 
lime trees were performed in Cuernavaca 
with higher concentrations of oil applied 
at higher pressures. Preparations contain- 
ing 1.67 per cent of light-medium emul- 
sive oil with benzene hexachloride, chlori- 
nated camphene, chlordane, and Lethane 
60 at the rate of 0.9 ounce of toxic ele- 
ment per gallon of oil were not so effec- 
tive as derris powder in oil containing 
0.225 ounce of rotenone per gallon of oil. 
This combination of oil and derris was 
especially toxic to the pupae. 

A second and similar experiment with 
1.67 per cent of light and lhght-medium 
emulsive oil,. with and without cube dust 
(5 per cent rotenone) at the rate of 3 
ounces and also 4.5 ounces per gallon of 
oil, confirmed results of the previous ex- 
periment in showing the value of adding 
rotenone-containing dusts to oil. 

Another experiment gave additional 
data on the toxicity of derris dust in oil 
and also demonstrated the effectiveness of 
3 per cent kerosene-xylene emulsion con- 
taining DDT at the rate of 1.67 pounds 
in 100 gallons of emulsion. The applica- 
tion of 15 pounds of 40 per cent water- 
dispersible DDT in water to make 100 
gallons resulted in a marked reduction in 
blackfly population. 
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Life Cycle of Macrosteles divisus in Relation to 


Carrot yellows, caused by the aster 
yellows virus and transmitted by the six- 
spotted leafhopper, Macrosteles divisus 
(Uhl.), has increased during the past few 
years in western New York and threatens 
the production of carrots. Surveys of 
carrot fields in western New York in 1944, 
1945, and 1946 revealed an average infec- 
tion of 30, 28, and 53 per cent respectively, 
ranging from 5 to 78 per cent in individual 
fields. The increase in yellows in 1946 was 
accompanied by an increase in leafhopper 
abundance. Records of the insect popula- 
tion in 1945 were rather fragmentary and 
direct comparisons are not available. It 
is estimated, however, from insect sweep- 
ing records that the increase in popula- 
tion on carrots in 1946 over the previous 
year was, at least, three or four fold. The 
only previous record of the amount of 
yellows was that by Whetzel (1929) who 
reported an individual field with 25 per 
cent but a much lower general average for 
the region. 

Yellows infected plants are frequently 
severely stunted. The bushy tops and 
woolly growth of adventitious roots, 
(Fig. 1) the most common symptoms, re- 
sult in an unsightly appearance of the 
crop and interfere with a clean and effi- 
cient harvesting either by hand or by 
machinery. The bushy tops also afford 
an ideal haven for the establishment of 
various soft rot organisms, thus predis- 
posing the roots to serious storage decay. 

The purpose of this paper is to present 
the results of observations and experi- 
ments on the life history of the six-spotted 
leafhopper in its relation to the develop- 
ment and spread of the yellows disease on 
carrots in western New York. 

HIBERNATION.—Some confusion exists 
in the literature as to the overwintering 
of the vector in this latitude. There has 
been some question whether it over- 
winters in this region at all. Linn (1940) 
did not believe that the insect wintered 
in the egg stage on Staten Island. He 
based this belief on the fact that cages 
erected over weeds and grasses failed to 
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yield either nymphs or adults as late as 2 
months after they appeared in cultivated 
areas. He reasoned that the insect prob- 
ably overwintered as an adult in areas at 
some distance from Staten Island. This 
theory has a basis in the suggestion made 
by DeLong & Caldwell (1935) that the 
potato leafhopper, Empoasca fabae Harris, 
may winter in regions of milder climate 
such as Florida and the Gulf States, and 
migrate to the northern states in the 
spring. Osborn (1916) obtained a few 
specimens from a cage set out in a timothy 
field in Maine in early spring, but seemed 
uncertain as to how the insect wintered. 
Kunkel (1926) reared nymphs and adults 





Fic. 1.—Typical symptoms of the aster yellows 
virus on carrot. Healthy plant at right. 


in the vicinity of New York City on rye 
plants brought into the greenhouse from 
outdoors in March. He believed that since 
both aduits and nymphs die within a few 
hours when subjected to temperatures of 
5° C. or lower that the insect must pass 
the winter in the egg stage. These tem- 
perature experiments may possibly have 
been conducted with laboratory-reared 
material because, as shown below, the 
insect is rather resistant to low tempera- 
tures under field conditions. Beckwith & 
Hutton (1929) collected adults in cran- 
berry bogs in New Jersey in May and 
June. They assumed that the insect 
passed the winter in this stage since 
nymphs were not found until July. Wat- 
kins & Ewart (1941) obtained a few adults 
from cages erected over weeds on muck- 
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land at Elba, New York, indicating that 
the insect wintered in that area. Leach & 
Mullin (1942) state that in West Virginia 
the insect overwinters as adults or as eggs 
deposited in the leaves of grains and 
grasses, and is abundant in the spring on 
wheat, oats, barley, and rye. 

In November, 1945, on a farm near 
Geneva, New York, large numbers of six- 
spotted leafhopper adults were observed 
in a field of winter barley adjoining a car- 
rot field that had a high population of the 
insect earlier in the season. In March, 





Fia. 2.—The seasonal development of Macrosteles 

divisus (Uhl].) on winter grains and carrots and the 

development of carrot yellows. Western New York 
1946. 


1946, 10 clumps of barley plants were dug 


from this field, placed in 10-inch pots in 
the greenhouse, caged, and held at a tem- 
perature range of 70 to 80° F. A careful 
examination at the time of digging failed 
to reveal either nymphs or adults on the 
barley. Within 10 days newly hatched 
nymphs appeared on this greenhouse, 
held material. Some of these reached the 
adult? stage in a month and all reached 
the adult stage in 6 weeks. An average of 
85 insects was reared to maturity from 
each of the 10 cages. The field from which 
these plants were taken was examined 
in late April and a few newly hatched 
nymphs were observed. A cage measuring 
4 by 8 feet erected over the barley at this 
time yielded a total of 1350 adults be- 
tween June 13 and June 26. Collections 
made in various grain fields during May 
and June indicated that the nymphal 
stage was rather common on wheat, rye, 
barley and grasslands, although the bar- 
ley field mentioned above contained a 
higher population than any other field 
examined. On the basis of these observa- 
tions it appears obvious that the six- 
spotted leaf-hopper does overwinter in 


? This material was determined by Dr. D. M. DeLong, Ohio 
State University. 
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this area and, although eggs were never 
actually found, the above evidence strong- 
ly indicates that it must winter in the egg 
stage. Further evidence to support this 
view was obtained from barley and 
and wheat plants brought into the green- 
house in February, 1947. These plants 
yielded several nearly full grown nymphs 
when examined after being caged for 
about 3 weeks, 

MIGRATION TO CARROTS AND THE Dr- 
VELOPMENT OF YELLOWS.—The time of 
migration to carrot fields and the relative 
population during the season was deter- 
mined by systematic collections with an 
insect sweeping net, 11 inches in diameter, 
at 3 to 4 day intervals from early summer 
to late autumn. Collections were made on 
warm days, at temperatures of 70° F. or 
above, and usually about mid-day. The 
only exceptions to this method were the 
collections made in late autumn when 
ideal conditions for collecting did not 
always prevail. The seasonal development 
of adults in the previously mentioned 
barley field, and a field of Red Core 
Chantenay carrots, separated from the 
barley field by a beet field 300 feet wide, 
is shown in figure 2. The insects matured 
and migrated from the barley field during 
a period from May 20 to the end of June. 
The approaching maturity of the barley 
appeared to hasten migration. Adults 
were collected on a large number of plants 
during this period of migration and were 
especially abundant in a nearby field of 
oats. They were first found on the recently 
emerged carrots early in June. The popu- 
lation built up slowly on this host until 
the middle of July, then rapidly reached a 
peak in August after which it gradually 
declined until harvest in October. 

The vector appeared to breed readily 
on carrot. Nymphs were found early in 
July on this host, about a month after 
the first adults were observed, and were 
present in the field throughout the re- 
mainder of the season, being most abun- 
dant from mid-July to mid-August. Leaf- 
hopper collections in other carrot fields 
in the area showed that the habits of the 
insect with respect to migration and the 
build-up of the population followed the 
pattern shown in figure 2. 

Carrot yellows appeared as a trace on 
July 9, approximately 1 month after the 
vector first appeared in the field. It in- 
creased steadily from that point until 
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harvest (Fig. 2). To study the develop- 
ment of the disease the field was divided 
into four equal sections extending parallel 
to the barley field. This method showed 
that during the early part of the season 
the percentage of yellows was highest in 
those sections nearest the barley, although 
at harvest it had become more or less uni- 
form over the whole area. The amount of 
yellows was higher here than in most fields. 
This was true also of the leafhopper pop- 
ulation. While an average of 76 per cent 
of the plants showed visible yellows symp- 
toms at the time of the last record, the 
actual infection was much higher. This 
became evident when many of the roots 
selected as “disease free’ at harvest im- 
mediately developed yellows symptoms 
when grown in the greenhouse after a rest 
period of 2 months. It is estimated that 
not more than 8 or 4 per cent of the plants 
in the field were actually free from the dis- 
ease at harvest. This small percentage of 
plants which did not develop disease 
symptoms in the field or after a rest period 
did, however, succumb to the disease 
later when infested with viruliferous leaf- 
hoppers. These results indicate that this 
strain of Red Core Chantenay is com- 
pletely susceptible to the disease. 

AutuMN MIGRATION AND 'TEMPERA- 
TURE Errects.—Migration of the insect 
to winter grains commenced early in 
October or as soon as these crops emerged. 
Adults were collected on wheat, barley 
and rye on warm days throughout Oc- 
tober and November, the latest collection 
being on December 9. The population 
throughout the autumn season in a wheat 
field adjoining the carrot field mentioned 
before is shown in figure 2. Evidence to 
show that the insect does migrate from 
carrot to grain fields in the autumn was 
obtained from insect sweeping records 
made in early November in a wheat field 
adjoiing a carrot field. Ten strokes of a 
net in this field at points 10, 50, 100, and 
200 yards from the carrot field yielded an 
average of 32, 16, 9, and 7 leafhoppers, 
respectively. Apparently the insect is able 
to withstand rather severe weather condi- 
tions in the adult stage. Although it was a 
rather mild autumn, there were 16 days 
during November and December when 
the air temperatures went below freezing 
and on December 2 and 3 minimum tem- 
peratures were 10° and 14° F. respectively. 
Yet on December 9, when the tempera- 
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ture rose to 65° at mid-day, adults were 
collected in fairly large numbers on wheat 
plants. 

The nymphs also seemed able to with- 
stand rather long periods of cold without 
suffering ill effects. In May, 1946, an ex- 
periment was designed to determine the 
effect of low temperatures on this stage. 
Field collected nymphs, chiefly in the 
second and third instar, were confined in 
duplicate cages of potted barley plants 
and subjected to three different tempera- 
tures and exposures (Table 1). After ex- 
posure the cages were removed to the 
greenhouse and held for 10 days. 


Table 1.—The survival of leafhopper nymphs 
when held at three different temperatures and 
exposures. 25 insects were used in each cage. 











Temp. ° C, LENGTH OF AVERAGE 
AT SOIL ExposuRE SuRVIVAL 
LEVEL Hours PER CAGE 

—1 6 25 

—1 12 24 

—1 24 22 

3 6 25 

3 12 24 

3 24 25 

5 6 23 

5 12 25 

5 Q4 25 
Check (held -- 24 


in greenhouse) 





Counts made of the number of live insects showed 
no significant mortality at temperatures as low as 
—1°C. for 24 hours. Later experiments showed that 
there was no appreciable mortality when the insects 
were held at —1° C, for as long as three days. 


Adult leafhoppers collected in the field 
as late as December were capable of lay- 
ing eggs and producing a brood of nymphs 
when caged with barley plants in the 
greenhouse. It is also interesting to note 
that adults collected at this time were 
still viruliferous. When they were placed 
on five healthy aster plants, five insects 
per plant, all plants developed yellows. 

SuMMARY AND Concuusions.— Life his- 
tory studies on the six-spotted leafhopper 
in western New York show that this in- 
sect commonly passes thre winter on winter 
grains, probably in the egg stage. It can 
be found in the nymphal stage on wheat, 
rye and barley in May and June. The in- 
sect was reared also from grasses brought 
into the laboratory in early spring and 
was observed in large numbers on grasses 
during May and June, indicating that 
these plants may also be important over- 
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wintering hosts. One field of barley was 
observed to contain a much higher popu- 
lation of the insect in the spring than any 
other fields of grain in the area, but an 
examination of several other barley fields 
in the vicinity indicated that this plant 
was not necessarily a favorite host. A 
more likely explanation for high infesta- 
tion was the fact that the barley field in 
question adjoined a carrot field that had 
been heavily infested with leafhoppers 
the previous autumn. There was no evi- 
dence to indicate that the insect over- 
winters in the adult stage in this latitude. 
This possibility should not be overlooked, 
however, since it has been demonstrated 
that the nymphs can withstand tempera- 
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tures as low as —1° C. for several days and 
that the adults were present in grain fields 
until December, after having withstood 
temperatures considerably below this 
point. It is possible, therefore, that the 
insect may winter over in the adult stage 
to some extent in sheltered locations. Al- 
though the insect can be found on a wide 
variety of host plants during the summer, 
there does appear to be a rather definite 
alternation between winter grains and 
carrot in this area. The amount of carrot 
yellows appears to be related to the earli- 
ness of migration from the overwintering 
areas and the subsequent leafhopper 
abundance in carrot fields. 
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Insecticide Tests for the Control of Cotton Boll Weevil 
and Cotton Aphids in 1946 


I. J. Becne', H. S. Mayevux and J. S. Rousse1? Louisiana Agricultural Experiment Station 


Field plot experiments designed to test 
several insecticides against cotton in- 
sects, particularly the boll weevil and 
aphids, were conducted in the vicinity of 
Shreveport, Louisiana, during 1946. The 
insecticides were used in both small plot 
randomized experiments and large-scale 
tests. The purpose of experiment 1 was to 


1 Associate Entomologist. 

2 Graduate students. 
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periments. 

Experiments Number 1 and 2 were in cooperation with sev- 
eral field stations of the Federal Bureau of Entomology and 
Plant Quarantine and the Department of Entomology of the 
Texas Experiment Station. The mixtures used in these experi- 
ments were prepared at the Waco, Texas, Station, U.S.D.A., 
Bureau of Entomology and Plant Quarantine. All benzene 
hexachloride and analyses of gamma isomer contents were sup- 
plied by the Niagara Sprayer and Chemical Company. Nico- 
tine was derived ae Black a Dry Concentrate supplied by 
the Tobacco By-Products and Chemical Corporation. Sulphur 
was supplied by the Freeport Sulphur Company. 


compare the effectiveness of benzene 
hexachloride, calcium arsenate, and cal- 
cium arsenate-nicotine for boll weevil and 
aphid control. The purpose of experiment 
2 was two-fold: (1) to test the compata- 
bility of calcium arsenate and benzene 
hexachloride, and (2) to compare this 
combination with the recommended cal- 
cium arsenate-nicotine program for cot- 
ton boll weevil and aphid control. Experi- 
ment 3 was designed to evaluate the use 
of sulphur as a diluent for benzene hexa- 
chloride. The purpose of the large-scale 
test was to compare benzene hexachloride 
and calcium arsenate as controls for boll 
weevils and aphids. 

Piots, TREATMENTS, AND REcoRDs.— 
The plots ranged from 13 to 16 rows in 
width and from 0.33 to 0.20 acre in area. 
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Dusts were applied with single-nozzle 
rotary hand guns at 5- to 7-day intervals, 
in the early morning or late afternoon as 
is indicated in the individual experiments. 

Infestation records were made at 7-day 
intervals on the 3 middle rows of each 
plot. Boll weevil infestation counts were 
made on 100 squares per plot and recorded 
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5 per cent DDT application on August 2. 
Leafworms were controlled in the check 
plots with a heavy application of cryolite, 
made on August 16 (Table 1). 
Resuuts.—Boll Weevil: Infestation 
counts were made from July 10 to August 
6. Dusts containing 5.17 per cent gamma 
benzene hexachloride, calcium arsenate 


Table 1.—Results of experiment 1 against the boll weevil, aphids, bollworm and red spider. 








Per Cent 
OF 
SQUARES 
Punc- 


RATE TURED BY 


APHIDS PER SQUARE 
Incu or Lear AREA 
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SPIDERS 
PER 
SQUARE 
INCH OF 
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Per 
CENT OF 
SQUARES 
INJURED 

BY 
Bout- 


YIELD 
oF SEED 
Corton 

PER 





Bou. 
WEEVIL 


PER 


TREATMENT ACRE 


Maximum Average 


WORM AREA ACRE 





Pounds 
. Untreated Check 
2, Calcium arsenate 
. Calcium arsenate-1% 
nicotine 
4. Benzene hexachloride- 
5.17% gamma isomer 
5. Benzene hexachloride- 
2.88% gamma isomer 
3. Benzene hexachloride- 
1.44% gamma isomer 


7.4 
7 
8.{ 


x 
‘ 


7. 


76 
144 


58. 
) 


Pounds 
1824 
1649 


0 


21.5 
48.6 


1833 


2102 


od 


1771 


1913 








Difference required for sig- 
q 


nificance, 5% level 10. 


No sig- 
nificant 
differences 





as number of weevil-punctured squares. 
Cotton flea hopper records were made by 
counting the adults and nymphs on 100 
main stem terminals in each plot, and 
bollworm records were made by counting 
the number of injured squares per 100 
squares examined. Yield records were 
obtained on half the plot area, allowing 
sufficient buffer areas on sides and ends 
of each plot. 

EXPERIMENT 1.—This experiment con- 
sisted of a comparison of dust mixtures 
containing 5.17 per cent, 2.88 per cent, 
and 1.44 per cent gamma benzene hexa- 
chloride and inert diluents, calcium arse- 
nate plus 1 per cent nicotine, calcium 
arsenate, and no treatment, for control of 
the cotton boll weevil and aphids. 

The cotton used in this experiment was 
planted on April 12 and was past the peak 
fruiting stage when the applications were 
begun. The average boll weevil infestation 
at the time the applications were started 
was 52 per cent. Six effective early morn- 
ing applications were made at 7-day in- 
tervals between July 10 and August 14. 
An outbreak of bollworms necessitated a 


plus 1 per cent nicotine, and calcium 
arsenate alone were equally effective in 
controlling the boll weevil and reduced 
the infestations significantly over dusts 
containing 2.88 per cent and 1.44 per cent 
gamma benzene hexachloride. All treat- 
ments were significantly superior to the 
untreated plots. The dust containing 2.88 
per cent and 1.44 per cent gamma re- 
sulted in a significant control of weevils 
when compared to the untreated plots. 
Aphids: Infestation counts were made 
between July 16 and August 21. The dusts 
containing 5.17 per cent and 2.88 per cent 
gamma benzene hexachloride were equally 
effective in controlling aphids; however, 
only the 5.17 per cent gamma isomer re- 
sulted in a significantly lower aphid count 
when compared to all other treatments. 
The 2.88 per cent and 1.44 per cent 
gamma benzene hexachloride and calcium 
arsenate-1 per cent nicotine dusts showed 
no significant differences in aphid control 
when compared with each other, but they 
were significantly more effective than 
calcium arsenate alone. The 2.88 per cent 
and 5.17 per cent gamma isomer dusts re- 
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sulted in aphid counts that were signifi- 
cantly less than those on the untreated 
check. 

Red Spider: The results of a red spider 
count made on August 21 showed that 
there was a relatively larger number of 
red spiders per square inch on all benzene 
hexachloride plots. Observations indicated 
that red spider injury was more severe on 
the plots receiving the benzene hexa- 
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Resuuts.—Boll Weevil: Six infestation 
counts were made between July 10 and 
August 14. Treatments 2, 3, and 6 were 
equally effective; however, only treatment 
2 was significant over 4, 5, and the un- 
treated check. Treatments 3, 4, 5, and 6 
were equally effective in controlling the 
boll weevil and each was significant when 
compared to the untreated check. 

Aphid: Infestation counts were begun 


Table 2.—Results of experiment 2 against the boll weevil, aphids and bollworm. 








PER 
Cent OF 
SQUARES 

Punc- 
TURED BY 
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WEEVIL 


Rate 
PER 
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BY Bou.- 

WORM 


YIELD 
OF SEED 
Corton 


APHIDS PER SQUARE 
Incu or Lear ARBA 





Maximum Average 





Pounds 
1. Untreated Check 58.0 
2. Calcium arsenate 
3. Calcium arsenate-1% nico- 
tine 
. Calcium arsenate-1.44% 
gamma Benzene hexachloride 
Calcium arsenate-0.719% 
gamma Benzene hexachloride 
Calcium arsenate-0.359% 
gamma Benzene hexachloride 


8.0 


5. 


6. 





Difference required for signifi- 
cance, 5% level 


Pounds 
958. 
1157. 


10.5 
9. 


19. 
35. 


65.§ 
102.6 


30. 10.5 1364. 


10. 1136.§ 
A 1191.8 


11.6 





chloride treatments, particularly those 
plots treated with 5.17 per cent gamma 
isomer. 

Yields: Records were obtained on a 0.05 
acre area per plot. Yields from the calcium 
arsenate plus 1 per cent nicotine, and 2.88 
per cent gamma benzene hexachloride 
plots in block 4 were below average be- 
cause of poor soil. There were no signifi- 
cant differences in yields between any of 
the treatments. 

EXPERIMENT 2.—This experiment con- 
sisted of a comparison of dust mixtures 
containing calcium arsenate plus 1.44 per 
cent, 0.72 per cent and 0.36 per cent 
gamma benzene hexachloride, calcium 
arsenate plus 1 per cent nicotine, calcium 
arsenate, and no treatment for controlling 
the cotton boll weevil and aphids. 

The purpose of this experiment was to 
test the effectiveness of benzene hexa- 
chloride as an aphicide when used in 
combination with calcium arsenate. The 
initial application was made when the first 
blooms appeared. Seven effective early 
morning applications were made between 
July 4 and August 16 (Table 2). 


on July 10 and continued through August 
29. The average number of aphids per 
square inch for the six counts made be- 
tween July 17 and August 22 was used in 
the analysis of variance for aphids. The 
dust containing calcium arsenate plus 1 
per cent nicotine resulted in an aphid in- 
festation that was significantly lower than 
infestations in all other treatments. The 
infestation on the untreated plots was 
significantly lower than infestations in 
plots treated with dusts containing cal- 
cium arsenate, calcium arsenate plus 1.44 
per cent, 0.72 per cent, 0.36 per cent 
gamma isomer benzene hexachloride. 
There were no significant differences be- 
tween the calcium arsenate and calcium 
arsenate-benzene hexachloride mixtures, 
which indicates there is no advantage in 
mixing. 

Yields: Records were obtained on a 0.1- 
acre area in each plot. The per acre yields 
of 1365 pounds of seed cotton (406-pound 
increase over the check) for treatmen 
number 3, and 1191 pounds (232-pound 
increase over the check) for treatment 
number 5 were the largest made and were 
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significant over the check; treatment 3 
was also significant when compared to 
treatments 2, 4, and 6. There were no 
significant differences between treatments 
2, 4, 5, and 6. 

EXPERIMENT 3.—This experiment con- 
sisted of a comparison of calcium arsenate 
plus 1 per cent nicotine; 2.88 per cent and 
1.44 per cent gamma benzene hexachloride, 
each used with pyrophyllite and sulphur 
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Flea hoppers and other mirids were not 
sufficiently numerous to permit evalua- 
tion of the controls obtained (Table 3). 

Discussion oF Resutts.—The boll 
weevil was on a definite upgrade on July 
4 and at that time a boll weevil control 
program was begun. Four effective ap- 
plications were made between July 4 and 
July 26. The entire experiment was dusted 
for leaf-worm and weevil control with 


Table 3.—Results of experiment 3 against boll weevil, aphids, and bollworm. 








Per CENT 
OF SQuARES SQuarRE INcH 
Punctrurep or LEAF AREA OF SQUARES 

BY Bo. 
WEEVIL 


Rate 
PER 


TREATMENT AcRE 


APHIDS PER 

YIELD 
SEED 
INJURED BY CorTTon 
August 8,1946 BoLtworm PER ACRE 


Per CENT 











Pounds 
. Untreated Check 
2, Calcium arsenate-1% nicotine 
3. Benzene hexachloride-2.88% 
gamma isomer and sulphur 50% 
. Benzene hexachloride-2.88% 
gamma isomer and pyrophyllite 
5. Benzene hexachloride-1.44% 
gamma isomer and sulphur 75% 8.5 
}. Benzene hexachloride-1.44% 
gamma isomer and pyrophyllite 
. Calcium arsenate, 1 part sulphur, 
2 parts 


8.7 
9.0 


8.9 


8.9 


15.9 


8. DDT 5% and sulphur 85% 8.4 


83. 14.4 
42. 0.9 


Pounds 
1029 
1843 


5.5 
3.6 


0.0 5.0 1242 


0.04 4.2 1571 


0.2 4.1 1155 
0.1 4.5 1287 


4.3 
2.7 


1322 
968 


45.0 
24.7 





Difference required for significance, 
5% level 


168.3 





as diluents; calcium arsenate 1 part- 
sulphur 2 parts; DDT 5 per cent plus 
conditioned sulphur 85 per cent; and un- 
treated checks for the control of the cotton 
flea hopper, boll weevil, and aphids. 

The initial application was made on 
June 14 to test the effectiveness of the 
insecticides for the control of the cotton 
flea hopper and over-wintered boll weevil. 
Weather conditions remained favorable 
for 6 days following this application. 

The dust containing 2.88 per cent 
gamma benzene hexachloride plus 50 per 
cent sulphur was contaminated with a 
trace of 2,4-D, and as a result the first 
application produced definite evidence of 
2,4-D injury. A new mixture was used 
for subsequent applications; however, the 
evidence of injury remained in the four 
replicates throughout the experiment. It 
is believed that the yields on these plots 
were significantly affected by this condi- 
tion. The second application, made on 
June 20, was washed off within 24 hours, 
but was not repeated until June 27, since 
the weevil infestation was generally low. 


calcium arsenate at the rate of 7 pounds 
per acre on August 1 and 16. Aphids ap- 
peared to be increasing in the majority 
of plots following the first general calcium 
arsenate application, justifying an ap- 
plication of the dust mixtures on their 
respective plots on August 9. This ap- 
plication was made to maintain the ex- 
cellent aphid controls observed during 
the scheduled period of dust application, 
and also to protect the small bolls from 
potential weevil injury. The cotton at 
this time had ceased to square and was in 
the small-boll stage of development. 

Boll Weevil: Infestation counts were 
made June 20 to July 25. The dusts con- 
taining 2.88 per cent gamma _ benzene 
hexachloride with 50 per cent sulphur or 
pyrophyllite, and calcium arsenate plus 1 
per cent nicotine were equally effective in 
controlling the boll weevil and were 
significantly superior to all other treat- 
ments. Treatments containing 1.44 per 
cent gamma isomer benzene hexachloride 
with 75 per cent sulphur or pyrophyllite, 
and calcium arsenate 1 part plus sulphur 
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2 parts, resulted in boll weevil infestations 
that were not significantly different; how- 
ever, the two dusts containing 1.44 per 
cent gamma isomer resulted in decreased 
infestations that were significant when 
compared to DDT 5 per cent-sulphur 85 
per cent and the untreated check. These 
results indicate that when sulphur was 
used as the diluent for benzene hexa- 
chloride, slightly lower boll weevil in- 
festations occurred; however, the differ- 
ences were not significant. The mixtures 
containing sulphur prevented an increase 
in red spider infestation which usually was 
associated with benzene hexachloride and 
inert diluent treatments in other tests. 

Aphids: This species was very effec- 
tively controlled by 2.88 per cent and 1.44 
per cent gamma isomer benzene hexa- 
chloride, and calcium arsenate plus 1 per 
cent nicotine. Dusts containing 1 part 
calcium arsenate and 2 parts sulphur, and 
5 per cent DDT plus 85 per cent sulphur 
resulted in large aphid buildups. 

Yields: Records of seed cotton were 
obtained on a 0.033-acre area in each 
plot. The yields of 1843 pounds (814- 
pound increase over check) on the cal- 
cium arsenate-1 per cent nicotine, and 
1571 pounds (542-pound increase over 
check) on the 2.88 per cent gamma ben- 
zene hexachloride-pyrophyllite plots were 
significantly larger than the yields on all 
other plots. 

LARGE-SCALE EXPERIMENT.—This_ex- 
periment was conducted to compare cal- 
cium arsenate plus 1 per cent gamma 
benzene hexachloride and 5.75 per cent 
gamma benzene hexachloride for the con- 
trol of the cotton boll weevil, the boll- 
worm, and aphids. It consisted of three 
adjacent 3-acre plots, one for each of the 
treatments, and a check. Dusts were ap- 
plied with single-nozzle rotary hand guns 
at the rate of about 8 pounds per acre per 
application. Applications were made at 
5- to 7-day intervals beginning on July 5 
and ending on July 26. The calcium ar- 
senate-1 per cent gamma benzene hexa- 
chloride dust was to be used in alternate 
applications with calcium arsenate alone; 
however, the aphids increased rapidly 
following the first two applications, neces- 
sitating the discontinuance of the calcium 
arsenate-l1 per cent gamma _ benzene 
hexachloride. A calcium arsenate-1 per 
cent nicotine dust was substituted for the 
calcium arsenate-benzene hexachloride. 
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Leafworm stripping required an additional 
application on August 21. The leafworm 
was beginning to strip the check; there- 
fore, a light application of calcium ar- 
senate was used in order to eliminate its 
influence on the yield. 

Resuuts.—Boll Weevil: This species 
was controlled by both the calcium ar- 
senate and benzene hexachloride dusts. 
The dusts containing 5.75 per cent gamma 
benzene hexachloride killed numerous 
weevils within 1 hour following an ap- 
plication. Its effectiveness is reflected in 
the weevil injury counts, which at no 
time exceeded 14 per cent compared to 80 
per cent injury in the untreated plot and 
25 per cent in the calcium arsenate plot. 

Bollworm: This insect caused severe 
square and boll injury in the plot treated 
with benzene hexachloride, whereas only 
slight injury occurred in the plot treated 
with calcium arsenate and in the un- 
treated check. Bollworm counts made on 
July 26 showed that 23 per cent of the 
squares in the 5.75 per cent gamma ben- 
zene hexachloride plots were injured, 
compared to 7 per cent in the check and 
5 per cent in the calcium arsenate plots. 
The 5.75 per cent gamma benzene hexa- 
chloride controlled aphids very effectively. 
However, the red spiders became nu- 
merous on this plot. 

Yields: Records obtained in this experi- 
ment indicate the severity of the bollworm 
damage. The plot treated with the cal- 
cium arsenate mixture yielded 878 pounds 
of seed cotton per acre, compared to 644 
pounds on the check and 610 pounds on 
the plot treated with 5.75 per cent gamma 
benzene hexachloride. 

SummMary.—The results of experiment 
3 indicated that 2.88 per cent gamma 
benzene hexachloride controlled the boll 
weevil as effectively as did calcium ar- 
senate or calcium arsenate-1 per cent 
nicotine; however, experiment 1 indicated 
that in order to compare favorably with 
calcium arsenate for boll weevil control, it 
was necessary to use 5.17 per cent gamma 
benzene hexachloride. 

Benzene hexachloride containing 2.88 
per cent gamma isomer prevented in- 
creased aphid infestations. In experiment 
3 the 1.44 per cent gamma isomer was 
very effective; however, aphids increased 
considerably in experiment 1 where 1.44 
per cent gamma isomer was used. 

Mixtures containing calcium arsenate 
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and 1.44 per cent, 0.72 per cent, and 0.36 
per cent gamma benzene hexachloride 
resulted in large aphid increases following 
the applications. This indicated that the 
two materials were not compatible. 

Bollworms and red spiders increased 
following applications of benzene hexa- 
chloride, particularly following applica- 
tions of 5.17 per cent gamma _ isomer 
benzene hexachloride. The use of condi- 
tioned dusting sulphur as a diluent for 
benzene hexachloride prevented increased 
red spider infestations. 
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Calcium arsenate plus 1 per cent 
nicotine produced higher yields of seed 
cotton than benzene hexachloride con- 
taining gamma isomer ranging from 1.44 
per cent to 2.88 per cent. In experiment 
2 larger yields were made on the 5.17 per 
cent gamma benzene hexachloride plots; 
however, it was necessary to use 5 per 
cent DDT to control the bollworm. Boll- 
worm increase following applications of 
5.17 per cent gamma benzene hexachloride 
resulted in a reduction in yield of seed 
cotton. 





A Chlorinated Camphene for Control of Cotton Insects! 


E. E. Ivy, C. R. Parencta, Jr., and K. P. Ewrncg U.S.D.A., Agr. Res. Adm., 
Bureau of Entomology and Plant Quarantine 


A new synthetic insecticide, a chlo- 
rinated camphene, was tested against sev- 
eral of the more important cotton insects 
in eage and field-plot experiments at 
Waco, Tex., during 1946. The cage ex- 
periments were designed to establish the 
fact of toxicity, to compare the material 
with other insecticides, and to determine 
the effective dosage against the various 
insects. The field-plot experiments were 
conducted in a field infested with boll- 
worms, boll weevils, cotton leafworms, 
and cotton aphids. 

The chlorinated camphene was ob- 
tained from the producer, the Hercules 
Powder Company, under the experimental 
designation ‘Hercules 3956”, and is now 
designated by their trade name Toza- 
phene. The insecticidal material supplied 
contained 50 per cent of chlorinated 
camphene containing 67 to 69 per cent of 
chlorine and 50 per cent of a clay product.* 
For ease of reference in this paper, the 
material is referred to as chlorinated 
camphene. Dust mixtures were prepared 
at the Waco laboratory by mixing the dust 
concentrate with various proportions of 
pyrophyllite. 

DDT dusts, used for comparative pur- 
poses, also contained pyrophyllite. The 
benzene hexachloride used in the cage 
tests was obtained from the manufacturer 
as a 50 per cent dust mixed with gypsum, 
the concentrate containing 5.75 per cent 
of the gamma isomer; concentrations be- 
low 5.75 per cent were made by mixing 

1In cooperation with the Texas Agricultural Experiment 


Station. 
* Attaclay. 


the concentrate with pyrophyllite. The 
calcium arsenate was the standard com- 
mercial product. 

Cage Trsts.—The procedure previ- 
ously described (Ivy 1944), of placing a 
dusting chamber over plants to be dusted, 
was used in conducting the cage tests. 
Compressed air at a pressure of 60 to 80 
pounds per square inch was used as a dust 
propellant. Controlled dosages of insecti- 
cide were used in all the tests. Untreated 
check cages were maintained concurrently, 
and net mortalities were computed by 
application of Abbott’s formula. 

The various tests are discussed briefly 
under the insects used, and the results are 
shown in table 1. Dosage mortality curves 
for five of the insect species tested are 
given in figure 1. 





rue anorrer 


PER CENT MORTALITY 











o¢ 
POUNDS CHLORINATED CamPHENE PER acre 


Fic. 1.—Response of several cotton insects to 
various dosages of chlorinated camphene. 


Bollworm. A dust containing 20 per 
cent of chlorinated camphene was approxi- 
mately equal to 5 per cent DDT dust in 
effectiveness against third-instar larvae, 
the dosage in each case being 16 pounds 
per acre. Lower concentrations of chlo- 
rinated camphene were somewhat less 
effective than DDT, but were much more 
effective than benzene hexachloride. Ben- 
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Table 1.—Mortality of several cotton insects following dust applications of various dosages of 
chlorinated camphene, in comparison with mortality due to certain other insecticides. 




















CoNCENTRA- MortTAtity 
TION OF 
ACTIVE Dosace __INsEcTS After After After 
TREATMENT InecREDIENT OF Dust  TxEsTED 1 Day 8 Days 5 Days’ 
Pounds 
Per Cent per Acre Number PerCent PerCent Per Cent 
Bollworm, third-instar larvae 
Chlorinated camphene 20 1 70 81 93 97 
10 16 54 57 80 85 
5 16 37 30 60 66 
2.5 16 54 20 48 57 
Benzene hexachloride 5.75) 16 64 12 30 36 
DDT 5 16 53 64 98 100 
Boll weevil, adults 
Chlorinated camphene 20 32 162 72 92 98 
16 164 79 88 91 
8 184 40 69 73 
Benzene hexachloride §.75! 8 117 52 65 68 
Calcium arsenate — 8 130 16 43 67 
Cotton leafworm, third-instar larvae 
Chlorinated camphene 20 8 116 12 97 99 
10 8 110 6 88 95 
5 8 96 2 55 77 
2.5 8 110 2 42 59 
Calcium arsenate — 8 107 30 7 96 
Cotton aphids 
Chlorinated camphene 20 10 2825 708 
10 10 3249 655 
5 10 2491 568 
2.5 10 2494 508 
Nicotine-calcium arsenate Q? 10 3507 708 
Benzene hexachloride 5.75! 10 3841 768 
Cotton fleahopper, adults 
Chlorinated camphene 5 12 137 35 94 96 
l 12 131 11 90 95 
DDT 5 12 140 13 94 96 
1 12 91 10 71 7 
Benzene hexachloride 2.88! 12 135 86 100 100 
0.575! 12 103 37 84 85 
Cotton fleahopper, nymphs 
Chlorinated camphene 5 12 137 15 91 96 
] 12 148 Q4 78 S+ 
DDT 5 12 72 8 97 96 
1 12 137 9 75 81 
Benzene hexachloride 2.88! 12 130 56 100 100 
0.575! 12 118 24 66 71 
Southern green stink bug adults 
Chlorinated camphene 20 16 141 18 62 7 
DDT 10 16 134 7 23 15 
Benzene hexachloride 5.75) 16 137 46 61 55 
Southern green stink bug, fourth-instar nymphs 
Chlorinated camphene 20 16 50 38 78 88 
DDT 10 16 67 22 45 37 
Benzene hexachloride 5.75! 16 64 22 44 40 
Cabbage looper, third-instar larvae 
Chlorinated camphene 20 16 102 55 878 
DDT 5 16 110 51 768 
Calcium arsenate _— 16 107 26 35% 
Benzene hxachloride 5.75! 16 111 54 86? 
Garden webworm, third-instar larvae 
Chlorinated camphene 20 8 16 31 75 100 
DDT 10 8 9 th 78 100 
Calcium arsenate — 8 11 9 55 73 
Benzene hexachloride 5.75) 8 18 33 56 60 





! Concentration of gamma isomer. 


2 Concentration of nicotine. 


3 Net mortality. 
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zene hexachloride gave poor control of 
the bollworm in cage tests conducted in 
1945 (Ivy & Ewing 1946) and completely 
failed to control bollworms in field experi- 
ments in 1946 (Ewing ef al. 1947). 

Boll Weevil. When applied at the rate of 
8 pounds per acre, a 20 per cent chlor- 
inated camphene dust was approximately 
as effective as benzene hexachloride dust. 
However, benzene hexachloride and chlo- 
rinated camphene eaci gave a much quick- 
er kill than calcium arsenate. 

Cotton Leafworm. At the dosage of 8 
pounds per acre dusts containing 20 and 
10 per cent of chlorinated camphene were 
equal to calcium arsenate in controlling 
third-instar larvae, but 5 and 2.5 per cent 
dusts were less effective than calcium 
arsenate. 

Cotton Aphid. A 20 per cent chlorinated 
camphene dust gave control equal to that 
obtained with calcium arsenate dust con- 
taining 2 per cent of nicotine, when both 
were applied at the rate of 10 pounds per 
acre. Lower concentrations were not so 
effective as the nicotine dust. The 20 per 
cent chlorinated camphene dust was not 
quite so effective as the benzene hexa- 
chloride dust. 

Cotton Fleahopper. Against the cotton 
fleahopper chlorinated camphene was 
extremely effective. A concentration of 1 
per cent at 12 pounds per acre gave good 
control of both adults and nymphs. Better 
control was obtained with chlorinated 
camphene at this strength than with the 
same percentage of DDT or with benzene 
hexachloride containing 0.575 per cent 
of the gamma isomer. 

Southern Green Stink Bug. A dust con- 
taining 20 per cent of chlorinated cam- 
phene gave better control of both adults 
and fourth-instar nymphs than did a 10 
per cent DDT dust or benzene hexachlo- 
ride dust, the dosage being 16 pounds per 
acre in each case. 

Cabbage Looper. At 16 pounds per acre 
20 per cent of chlorinated camphene con- 
trolled third-instar larvae at least as well 
as 5 per cent of DDT or benzene hexa- 
chloride dust. Control by all three of these 
materials was much better than by cal- 
cium arsenate. 

Garden Webworm. Dusts containing 20 
per cent of chlorinated camphene and 10 
per cent of DDT each gave better control 
of third-instar larvae than did calcium 
arsenate or benzene hexachloride, all ap- 


plied at the rateof 8 pounds per acre. 
Fretp-PLtot ExpPertmments.—A_ small- 
plot experiment was conducted in a field 
where comparatively heavy infestations 
of bollworms, boll weevils, cotton leaf- 
worms, and cotton aphids existed or de- 
veloped, in order to compare the efficacy 
of the following dusts: (1) 20 per cent 
concentration of chlorinated camphene, 
(2) standard calcium arsenate, and (3) a 
mixture containing 5 per cent of DDT, 37 
per cent of sulfur, 33 per cent of pyro- 
phyllite, and 25 per cent of benzene hexa- 
chloride, the entire mixture containing 
2.88 per cent of the gamma isomer. The 
plots were located in cotton planted 
extremely late in the season, during the 
latter part of June. At the time the experi- 
ment was begun, on August 31, the cotton 
plants were making a vigorous growth, 
but there was practically no healthy fruit 
on the plants, owing to insect ravages. 
The plots in this experiment were 16 
rows wide, 0.2 acre in size, and arranged 
in a latin square. The dusts were applied 
with rotary hand guns, and the procedure 
and method of recording data were the 
same as had been previously reported 
(Ewing & Parencia 1943). The treatments 
and experimental data appear in table 2. 
Six dust applications were made be- 
tween August 31 and October 1. Four 
records of bollworm injury to squares and 
bolls were made between September 9 
and October 8. These records indicate 
that the mixture gave slightly better con- 
trol of the bollworm than did chlorinated 
camphene, and chlorinated camphene was 
slightly better than calcium arsenate. 
Four records were made of boll weevil 
infestation between September 9 and 
October 8. The infestation reached a 
peak of 53 per cent in the check plots on 
October 8. The boll weevil infestation 
was lower, but not significantly lower, in 
the plots treated with calcium arsenate 
than in any of the other treated plots. It 
is thought that the slightly lower boll 
weevil infestation in the plots treated 
with calcium arsenate was due to the fact 
that the chlorinated camphene and the 
mixture of DDT and benzene hexachlo- 
ride each gave sufficient aphid and boll- 
worm control to result in an earlier set of 
fruit in these plots. Consequently, plants 
treated with these materials had fewer 
squares at the last inspection than did 
plants treated with calcium arsenate, with 
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Table 2.—Comparative effectiveness of chlorinated camphene, a DDT-benzene hexachloride mix- 
ture, and calcium arsenate against several cotton insects in field-plot experiments. 








YIELD OF SEED 








BoLLworM APHIDS PER CoTToN PER 
Rate or INFESTATION SeuareEIncn’ Bo. ACRE 
APPLI- WEEVIL —————_—- 
cATION = In- In- Punc- Gain 
PER - jured jured Aver- Maxi- TURED Over 
TREATMENT Acre Squares Bolls age mum Squares Total Check 
Per Per Num- Num-_ Per 
Pounds Cent Cent ber ber Cent Pounds Pounds 
Small-Plot Experiment 
Chlorinated camphene 20% 17.2 7.5 5.6 0.5 1.4 7.6 863 596 
DDT 5% and benzene hexachloride 
(gamma isomer 2.88%) 16.9 4.3 2.6 0.1 0.2 6.7 1025 758 
Calcium arsenate ‘ 16.1 9.5 6.0 2.4 3.3 4.5 674 407 
Untreated check — 26.6 23.1 1.4 2.2 29.2 267 -— 
Difference required for significance, 
5% level 8.7 2.9 0.6 aa 4.2 101 — 
Large-Scale Experiment 
Chlorinated camphene 20% 16.4 8.8 3.3 0.3 0.4 4.5 760 542 
DDT 5% and benzene hexachloride 
(gamma isomer 4.5%) 15.8 5.4 1.9 0.1 0.1 4.1 745 527 
Calcium arsenate 15.6 8.6 6.0 5.8 9.9 6.5 442 224 
Untreated check — 23.9 19.8 1.2 1 ay 36.5 218 — 





consequent increase in boll weevil infesta- 
tion on the few squares then remaining. 

Four aphid-infestation records were 
made between September 9 and October 
8. The chlorinated camphene and the 
mixture of DDT and benzene hexachlo- 
ride each gave adequate control of the 
cotton aphid. The aphid infestation was 
lower, but not significantly lower, in the 
plots treated with the mixture than in 
those treated with chlorinated camphene. 

All three insecticides gave satisfactory 
control of a very heavy infestation of leaf- 
worms. The check plots were dusted light- 
ly with an arsenical to prevent defoliation 
by leafworms. 

A heavy frost on October 12 damaged 
nearly all the unopened bolls and mate- 
rially reduced the yield in the experiment. 
Each of the dust treatments caused a sig- 
nificant increase in yield of seed cotton 
over that from the untreated check. The 
chlorinated camphene and the mixture of 
DDT and benzene hexachloride caused a 
significant gain over the yield from plants 
treated with calcium arsenate. The mix- 
ture was significantly better than chlo- 
rinated camphene and caused a gain of 
758 pounds per acre over the check. In 
plots treated with chlorinated camphene 
the gain was 596 pounds, and in those 
treated with calcium arsenate 407 pounds. 


A large-scale experiment was conducted 
in the same field with the small-plot ex- 
periment. The same treatments were used 
except that the mixture contained 45 per 
cent of benzene hexachloride, or 4.5 per 
cent of the gamma isomer. The experi- 
ments were only 5 rows apart, and, as far 
as was known, the cotton in each experi- 
ment was strictly comparable. The plots 
of the large-scale experiment ranged from 
2.5 to 4 acres. 

Five dust applications were made be- 
tween September 5 and October 2, with 
an 8-row tractor-attachment dusting ma- 
chine. The treatments and experimental 
data are shown in table 2. 

The results were similar to those of the 
small-plot experiment except that there 
was practically no difference in yield be- 
tween the plots treated with the mixture 
and those treated with chlorinated cam- 
phene. Both materials gave satisfactory 
control of all insects present, and some- 
what better control of bollworms and 
higher yields than did calcium arsenate. 
Gains over the check from the three in- 
secticides were as follows: chlorinated 
camphene 542 pounds, mixture 527 
pounds, and calcium arsenate 224 pounds. 

It was noted that of the plots dusted 
with calcium arsenate, the 4-acre plot in 
the large-scale experiment had approxi- 
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mately three times as many aphids as the 
().2-acre plots of the latin square. There 
was approximately 50 per cent leaf shed 
from aphids in the 4-acre plot and none 
in the 0.2-acre plots. 

In no instance, either in cage or field 
tests at Waco, was there any indication of 
injury to the cotton plants from chlo- 
rinated camphene. There was no objection- 
able odor or skin irritation from the use of 
chlorinated camphene, as there was from 
the use of benzene hexachloride. 

SumMARY.—A new synthetic insecti- 
cide, a chlorinated camphene, gave ex- 
cellent control of several of the more 
important cotton insects in laboratory, 
cage, and field-plot experiments at Waco, 
Texas, during 1946. 

In cage tests a dust containing 20 per 
cent of chlorinated camphene applied at 
the rate of 16 pounds per acre controlled 
larvae of the bollworm, Heliothis armigera 
(Hbn.), as well as did a dust containing 5 
per cent of DDT, and at 8 pounds per 
acre it controlled the boll weevil Anthono- 
mus grandis Boh., as well as did calcium 
arsenate or benzene hexachloride. ‘At the 
same concentration and at a dosage of 16 
pounds per acre chlorinated camphene 
controlled the southern green stink bug, 
Nezara viridula (L.), and the cabbage 
looper, Trichoplusia ni (Hbn.), and at 8 
pounds per acre the garden webworm, 
Loxostege similalis (Guen.), at least as 
well as DDT, benzene hexachloride, or 
calcium arsenate. Against the cotton 
aphid, Aphis gossypii Glov., 20 per cent 
chlorinated camphene dust applied at the 
rate of 10 pounds per acre was as effective 
as 2 per cent nicotine dust but not so ef- 
fective as benzene hexachloride. A 10 per 
cent chlorinated camphene dust applied 
at the rate of 8 pounds per acre controlled 


larvae of the cotton leafworm, Alabama 
argillacea (Hbn.), as well as did calcium 
arsenate, and excellent control of adults 
and nymphs of the cotton fleahopper, 
Psallus seriatus (Reut), was obtained by 
a dosage of 12 pounds per acre with con- 
centrations as low as 1 per cent. 

In field-plot experiments a dust con- 
taining 20 per cent of chlorinated cam- 
phene gave adequate control of compara- 
tively heavy infestations of bollworms, 
boll weevils, cotton aphids, and leafworms. 
The chlorinated camphene controlled 
the boll weevil about as well as calcium 
arsenate and was slightly superior to cal- 
cium arsenate in controlling the boll- 
worm. A mixture of 5 per cent of DDT 
and benzene hexachloride containing 2.88 
or 4.5 per cent of the gamma isomer ap- 
peared to be slightly superior to chlo- 
rinated camphene against the bollworm, 
but about equal against the boll weevil, 
aphid, and leafworm. In the small-plot 
experiment (latin-square design) the yields 
were significantly higher from the chlo- 
rinated camphene and from the DDT- 
benzene hexachloride mixture than from 
the calcium arsenate. The pounds-per- 
acre yields of seed cotton from the differ- 
ent treatments were as follows: 20 per 
cent chlorinated camphene dust, 863; 
mixture of 5 per cent DDT and benzene 
hexachloride containing 2.88 per cent of 
the gamma isomer, 1025; calcium arse- 
nate, 674; and untreated check, 267. In the 
large-scale experiment the pounds-per- 
acre yields were as follows: 20 per cent 
chlorinated camphene dust, 760; mixture 
of 5 per cent DDT and benzene hexa- 
chloride containing 4.5 per cent of the 
gamma isomer, 745; calcium arsenate, 
442; and untreated check, 218.— 4-20-47. 
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Toxicity of Benzene Hexachloride to Mammals 


Deane P. Furman,! University of California, Berkeley 


Since a rather wide range of results 
concerning the toxicity of benzene hex- 
achloride to mammals has been re- 
ported by various authors, it seemed de- 
sirable to obtain additional data giving 
information as to the safety factor in- 
volved in treating domestic animals for 
ectoparasites. The fact that a commercial 
mixture would be used in the field led to 
the selection of such a material, stand- 
ardized as far «+ possible, for these experi- 
ments. 

Cameron & Burgess (1944) tested the 
gamma isomer and a commercial benzene 
hexachloride product against several spe- 
cies of laboratory animals, using an ace- 
tone solution on the skin and a solution in 
liquid paraffin for oral and ‘subcutaneous 
tests. They suggest that there may be an 
accumulative effect followimg oral ad- 
ministration: 

Slade (1945) found no evidence of 
chronic toxicity, but he reports compa- 
rable results to those reported by Cameron 
and Burgess regarding the toxicity of 
gamma isomer per os to rats. 

Using benzene hexachloride of unknown 
isomeric content Letard and de Sacy 
(1945) found the minimum lethal dose for 
rats to be over twice that reported by 
Slade (1945) for a mixture of the isomers. 

Working with two samples of technical 
benzene hexachloride of a known melting 
point, Guilhon (1946) found that the 
lethal dose for rats per os was over 5 
grams per kg. of body weight, an amount 
two thirds greater than that reported by 
Letard and de Sacy. In tests with the 
guinea pig, rabbit, cat, sheep, chicken and 
pigeon Guilhon found a very high toler- 
ance to benzene hexachloride. 

TECHNIQUES AND MATERIALS.—Large 
doses of benzene hexachloride were ad- 
ministered orally to laboratory mice by 
means of a 5 ml. syringe supplied with a 
long, blunt ended needle tipped with a 
round knob of sealing wax. Suspensions of 
material were deposited directly in the 
stomach by means of this “stomach tube.” 
The commercial benzene hexachloride 
mixture consisted of 50 per cent benzene 


1The author acknowledges the cooperation of Mr. Glenn 
Rouse of Niagara Sprayer and Chemical Division of the Food 
Machinery Corporation. 


hexachloride, 0.75 per cent sodium laury] 
sulfate, and the remainder a mixture of 
inert diluents. In discussing the results 
obtained, reference is made to the actual 
amount benzene hexachloride used, or to 
the amount of gamma isomer involved. 
The alpha isomer content was 65 to 75 
per cent, beta 6 to 8 per cent, gamma ap- 
proximately 12 per cent and delta 6 to 7 
per cent. In dosing mice the concentration 
of aqueous suspension was such that not 
over 0.5 cc of liquid was administered per 
mouse. Controls were run using distilled 
water in one series and all ingredients of 
the experimental suspensions with the ex- 
clusion of benzene hexachloride in the 
others. In these, as in succeeding tests on 
mice, the animals were autopsied at vary- 
ing intervals following treatment in order 
to determine the presence or absence of 
gross pathology. 

In one experiment mice were dosed as 
above described with the exception that a 
suspension of pure gamma isomer was 
used, with sodium laury] sulfate as a wet- 
ting agent. 

In tests for the chronic effects of small 
daily doses of benzene hexachloride per 
os, a series of mice (average weight 16 
grams) was fed pellets composed of lab- 
oratory chow and benzene hexachloride 
so prepared that each pellet contained 1.5 
mgm. of benzene hexachloride which 
constituted the daily dose per mouse. 

Experiments were conducted on dip- 
ping and spraying mice using the above 
described commercial 50 per cent wet- 
table powder. In one series mice were 
dipped in 1 and 5 per cent suspensions, in 
each case submerging the entire mouse 
for a second in the dip. Since it was ob- 
served that the mice licked themselves to 
clean their coats another series was tested 
where the mice were immersed only as 
far as the neck, and were prevented from 
licking the fur by placing them in a cylin- 
drical restraint cage of hardware cloth. 
After 18 hours they were washed thor- 
oughly in warm water and released in 
large cages. 

In the spray experiment series a hand 
atomizer was used to wet the mice thor- 
oughly with a 2 per cent suspension of 
benzene hexachloride. Controls for both 
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dip and spray tests were treated with 
every component of the dip or spray sus- 
pension except the benzene hexachloride. 

Two cows were fed 50 per cent wettable 
benzene hexachloride powder by capsule. 
Each animal was weighed and the dose 
was applied at the rate of 0.05 and 0.074 
gram of benzene hexachloride per kilo- 
gram of body weight. They were held un- 
der observation for 10 days and weighed 
at the end of this time. No attempt was 
made to determine the point at which cat- 
tle are seriously affected by a single dose, 
it being considered sufficient to determine 
here the presence or absence of a generous 
safety factor. 

A preliminary field test was made on 
cattle using a spray composed of 8 pounds 
of 50 per cent wettable benzene hexa- 
chloride to 150 gallons of water, providing 
a concentration of 0.32 per cent of ben- 
zene hexachloride. A portable sprayer was 
used providing 300 pounds pressure. The 
spray hoses were supplied with single head 
disk nozzles. The experimental animals 
were thoroughly drenched. 

All other field tests were concerned 
with dips prepared from 50 per cent wet- 
table powder in concentrations ranging 
from 0.15 to 0.5 per cent benzene hexa- 
chloride. Standard dip tanks were used 
and the head of each animal was thor- 
oughly submerged as it swam through the 
vat. 

Toxicity or BENZENE HEXACHLORIDE 
to Mice per os.—Three series of mice 
were treated respectively with 0.3, 0.6 
and 1.2 grams of benzene hexachloride 
per kilogram of body weight. The ap- 
proximate LD 50 of the compound based 
on these tests is slightly over 0.6 gram 
(approximately 72 mgm. gamma isomer) 
per kilogram of body weight. The results 
are tabulated in table 1. Fifteen control 
mice displayed no mortality or untoward 
symptoms. 

_ Very little gross pathology was noted 
in mice at autopsy. Those fatally affected 
showed at most a hemorrhagic gastritis 
with, in some cases a duodenal enteritis. 
The intestinal tract was frequently found 
swollen with food and gas, probably due 
to the fact that many of the affected ani- 
mals ate in frenzied fashion as long as 
they were able to stand. In general. the 
symptoms of poisoning were similar to 
those reported by other workers (Cameron 
& Burgess 1944, Guilhon 1946). The body 


trembles and the mouse sneezes fre- 
quently, pawing at its nose. Breathing 
may become labored. As the symptoms 
become worse the animal becomes excit- 
able, jumping with convulsive spasms. 
Staggering becomes prouounced,’ with 
gross incoordination increasingly evident. 
A partial paralysis may be observed, par- 
ticularly in the front legs. In the terminal 
stages of fatal poisoning the animal is un- 
able to stand, but may lie prostrate for 
several hours with convulsive spasms. 


Table 1.—Toxicity of benzene hexachloride to 
mice: treatment per os. 








NoumseEr or Mice 








Symp- 
toms 
Show- _fol- 
DosaGE IN ing no lowed 
Gm. PER Ka. symp-_ by re- 
Bopy Weieut Treated toms covery Died 

0.3 14 13 0 1 
0.6 19 6 6 7 
1.2 15 1 0 14 





Toxicity or GAMMA BEenzeNE. Hexa- 
CHLORIDE TO Mice per os.—No mortality 
or ill effects were shown by 6 mice treated 
with 80 mg. gamma isomer per kg. of 
body weight. Of 6 mice treated with 200 
mg. gamma isomer per kg. body weight, 
two died within 24 hours while four 
showed no ill effects. 

Curonic Errect or SMALL ORAL 
Doses.—Of 10 mice fed 1.5 mg. benzene 
hexachloride a day, 8 survived for the test 
period of 30.days. They ingested a total 
of 45 mg. containing approximately 5.4 
mg. gamma benzene hexachloride with 
no apparent ill effects. For comparative 
purposes this may be stated as a total dose 
of approximately 337 mg. gamma isomer 
per kg. of body weight. Of the two mice 
fatally affected, one died on the twenty- 
first and the other on the twenty-second 
day of the experiment, having received 
$1.5 and 33 mg of benzene hexachloride 
respectively, or stated in term of gamma 
isomer content, approximately 236 and 
247 mg. of gamma isomer per kg. of body 
weight respectively. 

DipPING AND SPRAYING TESTS WITH 
Lasoratory Mice.—The results of dip- 
ping and spraying are summarized in 
table 2. The symptoms of poisoning were 
the same as those described for mice af- 
fected by large oral doses. Autopsy re- 
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Table 2.—Toxicity of benzene hexachloride to mice: treatment with suspension sprays and dips. 

















NuMBER OF Mice . 
Symptoms 
With no followed by 
CONCENTRATION Treated symptoms recovery Died 
Mice Not Restrained! 2% Spray 14 0 12 2 
1% Dip 10 0 9 1 
5% Dip 10 0 5 5 
Control] Spray 5 5 0 0 
Control Dip 10 10 0 

Mice Restrained! 5% Dip 8 8 0 0 
10% Dip 13 1 0 12 
Control Dip 4 4 0 0 





1 “Restrained mice”’ indicates those mice prevented from licking the fur. 


vealed a hemorrhagic gastritis only in 
those mortally affected mice which were 
not restrained from licking their bodies. 
Those dipped in 10 per cent benzene hexa- 
chloride and subsequently prevented from 
ingesting the material from their fur, died 
with no gross pathology evident. One 
mouse not restrained following dipping in 
10 per cent benzene hexachloride was 
dead within 10 hours. Of the mice re- 
strained following similar dipping none 
died in less than 36 hours. Death occurred 
in from 1 to 6 days in mice dipped or 
sprayed at concentrations ranging from 
1 to 5 per cent. 

Toxicity oF BENZENE HEXACHLORIDE 
To CaTTLE per os.—A dry cow weighing 
955 pounds was dosed with 43.4 grams of 
50 per cent wettable benzene hexachloride, 
a rate of 0.05 gm. per kg. body weight. 
A 1302 pound dry cow was treated with 
88 grams of the same mixture, a rate of 
0.074 gm. per kg. body weigh. No ill 
effects were noted in either animal over a 
10 day period of observation. 

FreLtp Spray AND Dip Tests on Cat- 
TLE.—Seven range heifers and one bull 
sprayed November 9, 1946 with 0.32 per 
cent benzene hexachloride aqueous sus- 
pension showed no ill effects. 

Three range heifers were dipped De- 
cember 24, 1946 in a 0.3 per cent suspen- 
sion. No ill effects were noted at any time. 

On January 15 and 23, 1947 a total of 
442 yearling range cattle were dipped in 
aqueous suspension of 0.5 per cent ben- 
zene hexachloride. No ill effects were 
noted in a 3 week period of observation. 

Discussion.—In examining table 1 it 
is seen that a 37 per cent mortality was 
obtained in mice by a single dose per os 


of 0.6 gm. benzene hexachloride per kg. 
body weight, a dose corresponding to ap- 
proximately 72 mg. of the gamma isomer 
per kg. body weight. It is obvious how- 
ever that the toxicity of the material can 
not be attributed entirely to the gamma 
isomer, since in the tests using pure gam- 
ma isomer, no mice were killed by the 
administration per os of 80 mg. gamma 
isomer per kg. body weight. 

Since the commercial mixture of iso- 
mers used in these tests contained ap- 
proximately 12 per cent gamma isomer 
and 65 to 75 per cent alpha isomer it 
seems probable that the toxicity of the 
mixture was in large part due to the lat- 
ter. According to Slade (1945) the gamma 
isomer is approximately 9 times as toxic 
to rats as is the alpha isomer; thus in the 
mixture of isomers used here it might be 
assumed that over half of the total toxic 
effect to mice was due to the alpha isomer. 
A direct interpretation of this type must 
be made with caution however, for as 
pointed out by A. J. Lehman! the gamma 
isomer is a stimulant to the central nerv- 
ous system while the alpha isomer appears 
to be more of a depressant; thus the total 
toxicity may be far from an expression of 
the sum of the individual toxic compo- 
nents. In this connection Philips (1946) 
states that the beta and delta isomers are 
also depressants, indicating that there 
may be some antagonism of action be- 
tween these and the gamma isomer. 

In tests reported here on the chronic 
effects of small doses of benzene hexa- 
chloride in mice, 8 of 10 mice survived a 
total dose of nearly 5 times the quantity 


1 Personal communication. 
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which killed 37 per cent of mice when 
administered as a single dose. Over three 
times the single dose required to kill 37 
per cent of mice was administered in 
small daily doses before mortality oc- 
curred in any mice. Thus there was no 
evidence of any marked accumulative 
action of the material when applied in 
the described manner. 

In dipping or spraying mice it was ob- 
served that the animals cleaned them- 
selves thoroughly by licking following 
treatment. Since a considerable quantity 
of suspended material from the dip was 
visible in the fur following dipping or 
spraying it seemed probable that the 
toxicity in such cases was a result of ma- 
terial both ingested and absorbed through 
the skin. As is seen in table 2 this was 
verified by preventing the animals from 
licking the fur when contaminated with 
benzene hexachloride. Under these condi- 
tions fatal toxic effects occurred in a range 
of concentration well above that where 
mice were permitted to lick themselves. 

Feeding tests with cows indicated that 
it was safe to administer up to 0.074 gm. 
per kg. of body weight. Thus if an aver- 
age sized animal were to be dipped in a 
0.5 per cent suspension of benzene hexa- 
chloride mixture as used here it would be 
necessary that it drink approximately 2.3 
gallons of the mixture in order to ingest 
the equivalent of the amount fed to a cow 
in this test. 

Although no tests were conducted on 
lactating cows it seems possible that ben- 


zene hexachloride would appear in the 
milk in appreciable quantities if it were 
ingested. Simms (1946) states that no ill 
effects were noted in nursing calves al- 
though the cows had been sprayed with 
rather concentrated emulsions of high 
gamma content hexachlorocyclohexane. 

There is a possibility, which these tests 
do not preclude, that benzene hexachlo- 
ride may appear in appreciable quantities 
in the flesh and fat of treated animals, 
since the laboratory tests reported here 
showed that some absorption through the 
skin occurs. This would probably be a 
transient condition and should be of little 
practical significance in treating range 
animals, unless they were to be slaugh- 
tered very shortly after treating. 

SumMary.—The toxicity of commercial 
hexachlorocyclohexane of approximately 
12 per cent gamma isomer content, to 
laboratory mice was determined to be of 
a relatively low order when administered 
per os or to the skin as a water suspen- 
sion. Evidence is forwarded that the 
gamma isomer is responsible for only 
part of the toxicity of commercial benzene 
hexachloride to mammals. There was no 
evidence of a marked accumulative action 
on mice. No indication of toxic action to 
cattle was found when benzene hexa- 
chloride was administered per os in doses 
well above the range of probable ingestion 
in dipping procedures. No toxocity to 
cattle was apparent when dipped in sus- 
pensions of a concentration up to 0.5 per 
cent.— 2-14-47. 
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North Central States Branch of the Association for 
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dered from J. W. Apple, 123 Natural Resources 
Building, Urbana, Illinois. The price is $2.00 per 
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Relative Toxicities of Isomeric Hexachlorocyclohexanes 
and Related Materials to Thrips 


Rosert L. Mercatr, University of California Citrus Experiment Station, Riverside 


The chlorination of benzene in the 
presence of ultraviolet light to produce 
the insecticide gamma-l,2,3,4,5,6-hexa- 
chlorocyclohexane invariably results in 
the production of a number of stereo- 
isomers. Of 16 possible theoretical con- 
figurations (Slade 1945), at least five have 
been identified as distinct chemical en- 
tities in the crude reaction product. Al- 
though these isomers differ widely in their 
physical, chemical, and biological prop- 
erties, the separation and purification of 
the active gamma isomer is so laborious 
that it seems highly probable that most 
insecticidal preparations will consist of 
mixtures of the isomers. 

Slade presents comprehensive informa- 
tion on the alpha, beta, gamma, and delta 
isomers of hexachlorocyclohexane, and a 
recent paper by Kauer ef al. (1946) de- 
scribes the isolation of a fifth isomer, the 
epsilon isomer. Haller & Bowen (1947) 
briefly review chemical information on the 
material. From these papers and data pre- 
sented by Ramsey & Patterson (1946), it 
appears that the crude hexachlorocyclo- 
hexane approximates the following com- 
position: alpha, 65 to 70 per cent, beta 
5 per cent, gamma 10 to 12 per cent, 
delta 6 per cent, epsilon 4 per cent, hepta- 
chlorocyclohexane 4 per cent, and octa- 
chlorocyclohexane 0.6 per cent. These 
latter materials are formed by the chlori- 
nation of monochloro- and dichloroben- 
zenes. In the presence of alcoholic alkali, 
the alpha, gamma, and delta isomers of 
hexachlorocyclohexane liberate 3 moles of 
hydrogen chloride to form principally 
1,2,4-trichlorobenzene and lesser amounts 
of 1,2,3- and _1,3,5-trichlorobenzenes 
(Cristol 1947). The epsilon isomer also 
behaves similarly (Kauer et al. 1946). 

In view of the close structural similar- 
ity between the isomers and related 
materials, it seemed of importance to 
determine their relative toxicities and 
whether any of the “inactive” isomers 
exerted either synergistic or antagonistic 
effects on the toxic action of the gamma 
isomer. This question is also of importance 
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Table 1.—Comparative toxicity of various 
aun insecticides to Heliothrips haemorrhoid- 
alis. 








Per Cent 24 
MareriaL Hour 








IN Mor- 
MATERIAL SOLUTION TALITY 
gamma-hexachlorocyclohexane 0.01 100% 
m.p. 112° C. 0.001 100 
0.0005 98 
0.0001 46 
2,2-bis-(p-chloropheny]) 0.01 100 
1,1,1-trichloroethane 0.0075 100 
m.p. 108-109° C. 0.005 100 
0.0025 90 
0.001 56 
0.0005 25 
Chlordane, CioH¢Cls 0.05 100 
b.p. 175° C., 2 mm Hg 0.01 96 
0.0075 85 
0.005 50 
0.0025 39 
0.001 18 
Toxaphene, CioHioCls 0.1 100 
m.p. 65-90° C, 0.01 90 
0.005 81 
0.0025 55 
0.001 19 
hexaethyltetraphosphate Ob. 2a 
n25 1.4278 0.01 55 
D 0.0075 38 
0.005 20 





in regard to the labeling of insecticidal 
products, #.e., whether isomers other than 
gamma should be stated as active or in- 
active ingredients. Because of the out- 
standing toxicity of gamma isomer to the 
greenhouse thrips, a comparison has been 
made of the toxicities of this material and 
a number of other synthetic organic 
insecticides. 

Metuops AND MaterIALs.—The green- 
house thrips, Heliothrips haemorrhoidalis 
(Bouché), is extremely susceptible to the 
action of the gamma isomer as is shown 
by the data in table 1, comparing the 
toxicity of this material with that of 
several other synthetic insecticides. The 
tests were made by dipping mature Va- 
lencia oranges into standard weight/vol- 
ume acetone solutions of the materials for 
one second, allowing the oranges to dry 
and placing them in 250 ml. beakers. Ap- 
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proximately 25 adult thrips were brushed 
onto each orange from stock colonies 
reared on oranges at constant tempera- 
ture and humidity. The beakers were 
covered with bolting cloth and mortality 
counts were made after 24 hours. The ap- 
proximate deposit of insecticide was 
determined by dipping calipered fruit of 
known surface area (Turrell 1946) into 
standard solutions of Sudan II dye in 
acetone, drying, removing the dye by 
dipping the fruit in a known volume of 
dioxane, and determining the dye deposit 
by means of a photoelectric colorimeter. 
The method was described by McCall 
& Kagy (1940) who found that the 
amount of dye deposited was directly pro- 
portional to the concentration in the solu- 
tion used. The reproducibility of deposit 
by this dipping method, using a series of 
20 fruits was +6 per cent (standard error 
of mean). 

All the materials used in this study, 
with the exception of the crude mixtures 
of hexachlorocyclohexane, chlordane, and 
Toxaphene were recrystallized to a con- 
stant melting point.! 

Resutts.—Relative toxicity of gamma 
benzene hexachloride: In table 1 is given 
the data obtained from a comparison of 
the toxicity of residual deposits of gamma 
isomer with other synthetic insecticides. 
At least four replicates totaling approxi- 
mately 100 insects were run at each 
dosage level and several levels were run 
with each material so that the median 
lethal concentration could be approxi- 
mated. The data presented in the table 
shows the approximate median lethal 
concentration of the dipping solution and 


its equivalent residual deposit. From this 


data, it appears that gamma isomer is 
about 10 times as toxic as p-p’ DDT, and 
correspondingly more toxic than the 
other materials, to the greenhouse thrips. 
Colorimetric measurements indicate that 
the deposit of gamma isomer obtained by 
dipping the fruit in a 0.0001 per cent 
acetone solution is about 0.003 micro- 
grams per square centimeter of fruit sur- 
face, which gives an indication of the re- 
markable effectiveness of this material to 
the greenhouse thrips. 

1 The purified isomers and the crude mixtures of benzene 
hexachloride, together with infrared spectrophotometer analyses 


of isomer content, were furnished through the kindness of Dr. 
E. C. Britton, Director of the Organic Research Laboratory, 
Dow Chemical Company, Midland, Michigan. All other mate- 
rials were obtained by purification of commercial products or by 


synthesis. 
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Table 2.—Relative toxicities of benezne hexa- 
chloride isomers and related materials. 








Concren- Per Cent 
MELTING TRATION Mortality 
Point tn Sotu- H. haemor- 














Corr. TION IN rhoidalis 
MarTeriaL ba &- 4 Per Cent tn 24 Hours 
alpha-1,2,3,4,5,6- 153-154° 0.1 62 
hexachlorocycloh 0.05 33 
0.025 23 
beta-1,2,3,4,5,6- 300° 1.0 5 
hexachlorocyclohexane 0.5 0 
0.25 0 
0.1 0 
gamma-1,?2,3,4,5,6- 112-113° 0.001 100 
hexachlorocyclohexane 0.0005 98 
0.0001 46 
delta-1,2,3,4,5,6- 136-137° 1.0 41 
hexachlorocyclohexane 0.5 15 
0.25 2 
0.1 0 
epsilon-1,2,3,4,5.6- 216-217° 1.0 3 
hexachlorocyclohexane 0.5 0 
0.25 0 
0.1 0 
alpha-1,1,2,3,4,5,6- 140-141° 0.1 0 
heptachlorocyclohexane 
beta-1,1,2,3,4,5,6- 256-259° 0.1 1 
heptachlorocyclohexane 
beta,1,12,3,4,4,5,6- 260° 0.1 1 
octachlorocychlohexane 
alpha-1,1,2,2,3,4,5,6- 146-150° 0.1 0 
octachlorocyclohexane 
beta 1,1,2,2,3,4,5,6- 257-260° 0.1 0 
octachlorocyclohexane (sublimes) 
1,1 »2,2,3,4,4,56- el 94— 95° 0.1 0 
hexabromocyclohexane 212-213° 0.1 0 
1,2,4-trichlorobenzene b.p. 213° 0.1 0 





Comparison of toxicities—The enor- 
mous differences reported (Slade 1945) in 
the relative toxicities of the various 
benzene hexachloride isomers make this a 
fascinating chapter in the study of the 
relation of biological activity to chemical 
structure. The relative toxicities of the 
five isomers, the heptachloro-, octachloro-, 
and enneachlorocyclohexanes which are 
probable constituents of the crude mix- 
tures, and the related materials, 1,2,4- 
trichlorobenzene and hexabromocyclo- 
hexane are given in table 2. All tests 
consisted of at least four replicates total- 
ing approximately 100 insects. From the 
data presented, it is apparent that none 
of these materials possesses toxicity even 
remotely approximating that of gamma 
benzene hexachloride. The relative toxic- 
ities of the five isomers of benzene hexa- 
chloride approximate gamma 1, alpha 
1000, delta 10,000, beta and epsilon 
greater than 10,000. 

Effect of other isomers and mizxtures of 
isomers on toxicity of gamma isomer.—The 
data presented in table 3 shows the effect 
of the presence of other isomers on the 
toxicity of the gamma isomer. None of 
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the other isomers showed any synergistic 
or antagonistic effects on the toxicity of 
the gamma isomer when applied at ten 
times or 100 times the concentration of 
gamma benzene hexachloride (parts A 
and B). The presence of other isomers in 


Table 3.—Effect of other benzene hexachlo- 
ride isomers on toxicity of gamma benzene hexa- 
chloride in solutions. 
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done by treating a number of oranges 
with the materials as previously described 
and holding them in a constant tempera- 
ture and humidity cabinet at 27° C. The 
fruits were then infested with the test 
insects at intervals of 1 day. The data ob- 
tained are presented in table 4. Low dos- 
ages of gamma isomer became ineffective 
within 24 hours. At moderate doses, at 


Table 4.—Duration of effectiveness of residual 
deposits of hexachlorocyclohexanes to Helio- 
thrips haemorrhoidalis. 











Per Cent 
Mortauity 
Per Cent Noum- or H. 
ConceEN- BER OF haemor- 
TRATION Per Cent ConcENTRATION In- __rhoidalis tn 
IsomER orTner I. sects 24 Hours 
A. 0.0001 351 63 
0.0001 0.001 alpha 193 55 
0.0001 0.001 beta 227 65 
0.0001 0.001 delta 228 70 
0.0001 0.001 epsilon 185 73 
B. 0.0001 0.01 alpha 207 62 
0.0001 0.01 beta 188 60 
0.0001 0.01 delta 206 60 
0.0001 0.01 epsilon 293 58 
C. 0.0001 83 alpha, 17 beta,2 gamma,3 156 62 
deita! 
0.0001 78alpha,19 gamma, Sepsilon 267 58 
0.0001 42 alpha, 34 gamma, 13 delta, 222 56 
11 epsilon 
0.0001 46alpha,42 gamma, l2epsilon 245 67 
0.0001 49 alpha, 9 beta, 37 gamma,5 279 68 
epsilon 





1 Discrepancy due to infrared analyses. 


five representative crude mixtures (part 
C) was also without effect on the toxicity 
of the gamma isomer. Analyses of variance 
of the data in table 3 showed that none of 
the differences in per cent mortality were 
significant at odds of 19:1. Thus it appears 
that the alpha, beta, delta, and epsilon 
isomers of benzene hexachloride are in- 
secticidally inert to the greenhouse thrips 
at concentrations much greater than those 
to be found in crude benzene hexachloride 
mixtures. 


DuRATION OF EFFECTIVENESS OF REsID- . 


uAL Deposirs or BEnzeENE HeExa- 
CHLORIDE.—The vapor pressure of gamma 
isomer is stated to be 0.03 mm. mercury 
at 20° C. (Slade 1945), which probably 
accounts for the fumigant properties of 
the material and its relatively shorter 
residual action as compared with p-p’ 
DDT, vapor pressure 1.3 10-7 mm. Hg. 
20° C. (Ministry of Supply 1946). Tests 
were made of the length of effective ac- 
tion of residual deposits of pure gamma 
isomer and of a mixture of isomers, 
containing 83 per cent alpha, 17 per cent 
beta, 2 per cent gamma, and $8 per 
cent delta, used at the same concen- 
tration of gamma isomer as was present in 
the pure gamma preparation. This was 





Per Cent Morrauity 
BENZENE HEXACHLORIDE 





INITIAL CRUDE 
ConceEN- AGE OF H.C.C.— 
TRATION ResipuzE ON GAMMA 2 PER 
GAMMA TREATED IsomeER CENT 
ISOMER Fruit ALONE GAMMA 
A 0.0001% 30 min. 76 
0.0001 24 hrs. 0 
B 0.001 30 min. 100 
0.001 24 hrs, 0 
C 0.01 30 min. 100 100 
0.01 1 day 93 96 
0.01 2 days 46 53 
0.01 $ days 46 20 
0.01 4 days 10 19 
D 0.1 upto 5 days 100 100 
0.1 6 days 60 100 
0.1 7 days 70 93 
0.1 8 days 100 100 
0.1 9 days 34 90 
0.1 10 days 68 100 
0.1 11 days 97 100 
0.1 12 days 57 90 
0.1 13 days 56 80 
0.1 14 days 75 92 
0.1 15 days 79 98 





least, the presence of 50 times as much of 
the other isomers had no significant effect 
on the volatility of the gamma isomer. 
With the 0.1 per cent application, the 
crude mixture appeared to be slightly 
more effective than the pure gamma 
isomer but neither deposit was fully 
effective for more than 7 days. Compar- 
able deposits of DDT showed no decrease 
in effectiveness over the periods studied. 

Errect or Merso-INosirot on AcTION 
or GamMA BENZENE HEXACHLORIDE.— 
Slade (1945) suggests that the close struc- 
tural resemblance between gamma. ben- 
zene hexachloride and meso-inositol which 
is a hexahydroxycyclohexane having the 
same cis-trans configuration attributed 
to gamma isomer (Posternak 1941) may 
be a clue to the mode of action of the 
latter. Kirkwood & Phillips (1946) have 
shown that gamma isomer inhibits the 
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growth of the Gebriider Mayer strain of 
Saccharomyces cerevisiae and that the in- 
hibition can be reversed by the addition 
of inositol. In view of these findings and 
because of the statement by Liuger 
(1946) that inositol possesses stomach 
poison action, it was considered of interest 
to study the effect of inositol on the 
toxicity of the gamma isomer. Meso- 
inositol (m.p. 223-224°) produced no 
mortality when applied to oranges from 
a 0.05 per cent solution (the approximate 
limit of acetone solubility). The mortality 
produced by using gamma isomer at 
0.0001 per cent was 69 per cent as com- 
pared with 74 per cent resulting from 
gamma isomer at 0.0001 per cent plus 
meso-inositol at 0.05 per cent. Because of 
the feeding habit of the greenhouse thrips, 
it seems probable that considerable 
inositol would be ingested; but this 
inositol fortification had no apparent 
effect on the toxicity of the gamma 
isomer. 

Conc.usions.—1. The gamma isomer 
of hexachlorocyclohexane was the most 
toxic organic compound tested against 
the greenhouse thrips, being approxi- 
mately 10 times as toxic by weight as 
p-p’ DDT, 25 times as toxic as Toxaphene, 
50 times as toxic as chlordane! and 100 
times as toxic as hexaethyltetraphosphate. 

2. The relative toxicities of the five 


Velsicol 1068, 
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hexachlorocyclohexane isomers to the 
greenhouse thrips are gamma 1, alpha 
1000, delta 10,000, beta and epsilon 
greater than 10,000. 

3. Hexabromocyclohexane, _1,2,4-tri- 
chlorobenzene, and various heptachloro-, 
octachloro-, and enneachlorocyclohexanes 
were nontoxic to the greenhouse thrips at 
1000 times the median lethal concentra- 
tion of the gamma isomer of hexachloro- 
cyclohexane. 

4. Mixtures of the gamma isomer of 
hexachlorocyclohexane plus the other 
isomers singly or in combination were not 
significantly more or less toxic than the 
gamma isomer alone, applied at the same 
concentration. Thus from a_ practical 
standpoint, the insecticidal effectiveness 
of any isomeric benzene hexachloride mix- 
ture to the greenhouse thrips is deter- 
mined by the gamma isomer content. 

5. A crude benzene hexachloride prepa- 
ration containing 2 per cent gamma isomer 
did not appear to provide a significantly 
longer lasting residual treatment, than 
did pure gamma isomer applied at the 
same rate, of gamma isomer. 

6. Meso-inositol has no toxicity to the 
greenhouse thrips at 500 times the median 
lethal concentration of the gamma isomer 
of benzene hexachloride and its presence 
in this concentration has no influency on 
the toxicity of the gamma isomer.’ 


2 Thanks are due R. L. Beier for the analysis of fruit-surface 
deposits, and U. E. Murphy for laboratory assistance. 
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Site of Action of Contact Insecticidal Dusts Containing 
Rotenone or Methylnaphthalenes! 


Yun-Per Sun and Roy Hansserry,? Cornell University, Ithaca, N. Y. 


The methods used for testing dusts as 
contact insecticides have not been investi- 
gated as much as contact sprays. Even 
less has been known as to the important 
site of action of such dusts. In handling 
a group of insects at one time contact 
insecticides may act by contact action 
in three ways, depending upon the testing 
procedure: (1) action of insecticides fall- 
ing on the body of insects, (2) action of 
insecticides on a dusted surface where 
insects get into contact mainly after 
dusting, and (3) the combination of 
actions 1 and 2. It has generally been 
known that in using contact insecticides 
it is necessary to apply them on the body 
of insects. However, it is not uncommon 
that many species of insects have been 
controlled by walking over treated sur- 
face. 

A wide variety of testing methods have 
been devised for studying the comparative 
toxicity of contact insecticides on the 
assumption that comparable data would 
be obtained under some one procedure. 
However, it may be that one type of con- 
tact may favor insecticide A more than 
insecticide B. In that case the apparent 
toxicity of A would be exaggerated. The 
following experiments were designed to 
find differences in mode of contact be- 
tween insects and insecticides. 

Action oF INSECTICIDES ON MEXICAN 
Bean Beette Larvar.—In laboratory 
tests of rotenone and Velsicol AR-60 
dusts on third instar larvae of the Mexican 
bean beetle, Epilachna varivestis Muls., 
(Sun 1946, Table 9) it was observed that 
in treatments with sub-acute concentra- 
tions of insecticides many larvae molted 
earlier than normal. On close observa- 
tion, as the larvae crawled over a dusted 
surface, the tarsi were seen to become 
matted with dust, the amount of which 
appeared to be heavier as the concen- 
tration of insecticides increased in the 
dust. A certain amount of dust also ad- 
hered to the under side of the last few 
abdominal segments. Most of the larvae 


} Research project supported by the Velsicol Corporation, 
Chicago, Ll. 

2 Formerly associate professor of insect toxicology, Cornell 
University. 


seriously affected by the dust lost their 
tarsi after molting. The broken ends of 
the legs were dark in color. Such effect 
seemed to be evident before the larvae 
were seriously ill. The penetration of 
insecticides at the tarsi and through the 
legs into the body cavity may indicate an 
important site of entry. In the treatments 
with higher concentrations of insecticides 
the larvae were affected at such a speed 
that they did not molt before death. 

To determine the relative importance 
of site of contact action of insecticidal 
dusts, the following experiments were 
devised to indicate the difference by the 
degree of feeding under various treat- 
ments. Rotenone, Velsicol AR-50, Velsi- 
col AR-60,  1-methylnaphthalene, 2- 
methylnaphthalene, 1, 6-dimethylnaph- 
thalene and 2, 6-dimethylnaphthalene’ 
dusts were tested on third instar larvae 
of the Mexican bean beetle. With the 
exception of rotenone dust, which con- 
tained 0.1 per cent rotenone, all the ma- 
terials were made into a 2 per cent dust in 
tale. It was found that there was no 
noticeable fumigant action of the ma- 
terials under tested conditions. 

For each dust mixture four different 
treatments were made: (1) dusting paper, 
leaf and insect (7.e. PLI), (2) dusting 
paper only (7.e. P), (3) dusting leaf only 
(t.e. L) and (4) dusting insects only 
(z.e. 1). These treatments were carried 
out at the same time by placing three 
petri dishes in a large crystalizing dish. 
The first petri dish contained paper, 8 
leaf discs and 10 larvae; the second, paper 
and 10 larvae; and the third, 8 leaf discs 
only. Dusts were tapped off from a vial 
as described in previous paper (Sun 1946). 
The amount of deposits was determined 
by weighing the vial before and after 
dusting so that the deposit would be 0.7 
mg. per square centimeter. 

After dusting the first dish was trans- 
ferred as such for further observation 
(i.e. PLI). The paper and larvae in the 
second dish were separated. Eight fresh 


* Samples of wethytnaphthaleas compounds were supplied by 
Velsicol Corp., Chicago, Ill. 
* Emtco #23, Eastern Magnesia Co., Inc., Burlington, Vt. 


526 











' ww Ww we 


SS ae 








August 1947 Sun & HansBerry: Site or Action or Contact Dusts 527 


leaf discs and untreated larvae were 
placed on the treated paper (te. P), 
while the treated larvae from the second 
dish were furnished with untreated leaf 
dises and paper (2.e. I). The third dish 
was supplied with untreated larvae and 
paper (2.e. L). The larvae in the check 
were also provided with eight leaf discs in 
each dish. In the treatment with dusted 
paper (7.e. P) larvae were allowed to crawl 
on the dusted paper for 3 hours before the 
introduction of food, otherwise, they 
might stay on the leaf discs without suff- 
cient contact with the dusted surface. 
For each treatment of all the dusts four 
replicates were made, each containing 10 
third instar larvae. The relative effective- 
ness of different treatments and of vari- 
ous materials was determined on the same 
day by comparing the area of leaf con- 
sumed in 24 hours at room temperature 
(23° to 25° C.). The leaf area was meas- 
ured over cross section paper, and results 
expressed as area of leaf consumed per 10 
larvae’ and also as percentage of leaf area 
consumed as compared with the check. 
The condition of larvae at the end of 
24 hours was also listed as a reference to 
their feeding. 

As shown in table 1, the relative 
effectiveness of naphthalene compounds 
is arranged in a descending order: 2, 
6-dimethylnaphthalene>Velsicol AR- 
60>1, 2-dimethylnaphthalene > Velsicol 
AR-50> 2-methylnaphthalene > 1-methyl- 
naphthalene. It is fairly consistent that 
within treatments with one dust the order 
of its effectiveness is as follows: 
PLI>P>L>I. The nature of toxic ac- 
tion can be analysed by the following 
explanation. The main action of various 
materials tested seems to be contact in 
nature. It is logical that the difference 
between non-feeding with PLI treatment 
and feeding when only the insects were 
dusted (7.e. I) was due to the repellent 
action of the insecticide. As indicated in 
table 1, this conclusion may not be justi- 
fied in certain cases, because those insects 
subjected to PLI treatment were more 
seriously affected than those subjected to 
I treatment only. The results also show 
that the larvae fed quite freely on leaf 
dises (i.e. L) dusted with methylnaphtha- 
lenes. Among the more effective ma- 
terials—2, 6-dimethylnaphthalene, Velsi- 
col AR-60 and 1, 6-dimethylnaphtha- 
lene—it is clearly shown that the effec- 


tiveness of dusting on paper is next only 
to that of dusting on paper, leaf and in- 
sect and is much superior to dusting of 
either leaf or insect alone. Therefore, the 
main function of the effective components 
in the tested products either individually 
or in a mixture is neither as a stomach 
poison nor as a repellent against the larvae 
of the Mexican bean beetle, but through 
contact action of the materials on the 
tarsi and on the tip of the abdomen. 

Rotenone exhibits a different action, 
in that only 3 sq. mm. of leaf were eaten 
per 10 larvae from dusted leaf discs. This 
indicates either a more repellent property 
with rotenone dust, or that loss of appe- 
tite is an early symptom of rotenone 
poisoning. 

Action oF INSECTICIDES ON PEA 
Apuip.—In a previous study of the relative 
toxicity of dusts containing rotenone or 
Velsicol AR-60 to adult pea aphids, 
Macrosiphum pisi (Kitb.), it was found 
that aphids were more susceptible to 
insecticides in laboratory tests (in dish) 
than in greenhouse tests (on plant) 
(Sun 1946). Observations showed that 
aphids moved about freely in dishes dur- 
ing and after dusting. However, they were 
relatively quiet when they were dusted on 
host plants. This difference was observed 
also in the tests on potato aphids, melon 
aphids, and cabbage aphids, and is prob- 
ably responsible for their apparently 
greater susceptibility in laboratory tests. 

As found in the experiments on Mexican 
bean beetle larvae, an insecticidal dust 
may exercise its contact action on the 
body of pea aphids directly or through 
the tarsi and tip of the abdomen through 
an accumulation of dust by walking over a 
dusted surface. The intensity of the latter 
factor varies with the activity of insects 
and the stimulating effect of insecticides. 
To test the relative importance of these 
two factors, adult pea aphids were 
dusted with rotenone and Velsicol AR-60 
dusts as described in a previous paper, 
(Sun 1946). Immediately after dusting 
the aphids were carefully removed into 
an undusted dish (i.e. I) and undusted 
aphids were placed in a dusted dish (1.e. 
PL). For each entry four replicates were 
made, each containing 25 adult pea aphids. 
The mortality was observed 24 hours after 
dusting. Those aphids showing no move- 
ment were considered as dead. 

When the surface was treated with 








528 


JOURNAL OF Economic ETOMOLOGY 





Vol. 40, No. 4 


Table 1.—Nature of toxicity of rotenone dust and dusts made with methylnaphthalene compounds 


to third instar larvae of the Mexican bean beetle. 








Lear ConsuMEpD IN 24 Hours 








Dustep 
ON: Average Area Per Cent of 
P= Paper Consumed per Leaf Area Con- ACTIVITY OF 
L=Leaf 10 Larvae, sumed, as Com- LARVAE, AFTER 
Toxicant Content or Dust I= Insect sq. mm. pared with Check 24 Hrs. 
0.1 per cent rotenone PLI 0 0 Sick 
P 166 14 Slightly sick 
L 3 0.2 Slightly sick 
I 385 33 Slightly sick 
2 per cent 2,6-dimethylnaphthalene PLI 0 0 Sick 
P 40 3 Sick 
L 810 69 Near normal 
I 1382 118 Near normal 
2 per cent Velsicol AR-60 PLI 0 0 Sick 
P 63 5 Slightly sick 
L 1027 87 Near normal 
I 1156 98 Near normal 
2 per cent 1,6-dimethylnaphthalene PLI 62 5 Sick 
P 647 55 Near normal 
L 860 73 Near normal 
I 1085 92 Near normal 
2 per cent Velsicol AR-50 PLI 198 17 Slightly sick 
P 1141 97 Near normal 
L 1148 98 Near normal 
L: 1208 102 Near normal 
2 per cent 2-methylnaphthalene PLI 996 85 Near normal 
P 904 77 Near normal 
L 843 72 Near normal 
I 1195 102 Near normal 
2 per cent 1-methylnaphthalene PLI 1094 93 Near normal 
P 1135 96 Near normal 
L 1102 85 Near normal 
I 1245 106 Near normal 
Check (No dust) -- 1178 100 Normal 





0.039, 0.078 and 0.16 per cent rotenone 
dusts, the mortality of aphids was re- 
spectively 25, 24, and 5 per cent higher 
than when insects were dusted. How- 
ever, 1, 2 and 3 per cent Velsicol AR-60 
dusts gave 4, 82 and 87 per cent more 
mortality on surface treatment under 
the same conditions. It appears that the 
difference in the mortality of aphids due 
to the difference in treatment is not 
great for rotenone at moderate effective- 
ness and rather small at high mortality. 
The same difference is very high for 
Velsicol AR-60 at moderate to high mor- 
tality. From the above finding it may be 
concluded that at high mortality rote- 
none is about the same in effectiveness 
to pea aphids either when the dust is 
applied on the body of insects alone or 


when the insects crawl over a dusted 
surface. On the other hand, Velsicol AR- 
60 ismore effective when the aphids 
craw] over a dusted surface, while a direct 
application of dust on the body of insects 
has little effect. When toxicity is com- 
pared on the basis of dusts on the body of 
aphids the mortality is 64 per cent for 
0.039 per cent rotenone and only 13 per 
cent for 3 per cent Velsicol AR-60. How- 
ever, when the aphids were allowed to 
crawl over a dusted surface Velsicol AR-60 
(100 per cent mortality) is more toxic 
than rotenone (89 per cent mortality). 
This is explained only by a realization of 
the different nature of the mode of con- 
tact and toxic action of the two insec- 
ticides. 

From the results of the above experi- 
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ments on Mexican bean beetle larvae and 
adult pea aphids, the contact action of in- 
secticidal dusts may be divided into two 
types—that due to dust on the body only 
and that due to the accumulation of dust 
on the tarsi, and probably also on the 
tip of abdomen, by walking over a 
dusted surface. The latter factors appear 
to be more important in the case of active 
than of inactive insects. The following 
facts seem to support such a conclusion. 
The senior author (Sun 1946) found that 
a 0.039 per cent rotenone dust and a dust 
mixture containing 0.023 per cent rote- 
none and 1 per cent Velsicol AR-60 killed 
96 and 100 per cent of turnip aphids, 
Rhopalosiphum pseudobrassicae (Davis), 
respectively when the aphids were care- 
fully removed from the plants and dusted 
in dishes. The same dusts killed only 
28.2 and 17.1 per cent respectively when 
applied in the same way but the aphids 
were not remoyed from the plants. Fur- 
thermore, cabbage aphids, Brevicoryne 
brassicae (L.) (which did not move about 
in a laboratory dish), when dusted on the 
leaves without transferring, showed nearly 
the same per cent mortality as when 
dusted on host plants. 

SummMary.—The site of action of con- 
tact insecticidal dusts containing rote- 
none, Velsicol AR-50, Velsicol AR-60, 
1-methylnaphthalene, 2-methylnaphtha- 
lene, 1, 6-dimethylnaphthalene, and 2, 6- 
dimethylnaphthalene was_ investigated 
with third instar larvae of the Mexican 
bean beetle. With the exception of rote- 
none it was found that the nature of 
toxicity of these dusts at 2 per cent con- 
centration was arranged, on the basis of 
leaf area consumed, in a descending order 
of effectiveness: (1) dusting paper leaf 
and insect (2) dusting paper (3) dusting 
leaf, and (4) dusting insect. However, 
with 0.1 per cent rotenone dust treatment 
(3) was almost as effective as (1). 

When compared at high per cent mor- 
tality, rotenone dusts were about the 
same in effectiveness to adult pea aphids 


either when the dusts were applied on the 
body of insects alone or when the insects 
crawled over a dusted surface. However, 
Velsicol AR-60 was more effective when 
the aphids crawled over a dusted surface, 
while a direct application of dusts only to 
the body of aphids gave low mortality. 
When toxicity was compared on the basis 
of the results of dusts applied to the 
body of aphids the mortality was 64 per 
cent for 0.039 per cent rotenone and only 
13 per cent for 3 per cent Velsicol AR-60. 


Table 2.—Nature of toxicity of rotenone and 
Velsicol AR-60 dusts to adult pea aphids. 








Toxicant CONTENT 
or Dust AVERAGE 
Dustep on: Tora Per Cent 
Velsicol P=Paper -Numper Morrtatiry, 
Rotenone, AR-60, L=Leaf or ADULT AFTER 24 








Per Cent PerCent I=Insect ApHips Hours 
0.039 _ I 100 64 
0.039 _ PL 100 89 
0.078 _ 100 73 
0.078 _ PL 100 97 
0.16 _ 100 OF 
0.16 _ PL 100 99 

_ 1 I 100 8 
ona 1 PL 100 12 
_ 2 100 13 
—_ 2 PL 100 95 
_ 3 I 100 13 
—_ 3 PL 100 100 





However, when the aphids were allowed 
to crawl over a dusted surface Velsicol 
AR-60 (100 per cent mortality) was more 
toxic than rotenone, (89 per cent mor- 
tality). 

From what has been found in this study 
it appears that Velsicol products, con- 
taining mainly methylnaphthalenes, were 
more effective to both Mexican bean 
beetle larvae and adult pea aphids when 
they crawled over a dusted surface than 
when they were dusted on the body only. 
However, rotenone dust is about equal in 
effectiveness when dusted on the surface 
or on to the body of insects. Thus it seems 
clear that the vital site of action of 
methylnaphthalene products is located in 
the tarsi while with rotenone the body 
surface as a whole may be the site.— 
1-25-47. 
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Fly Control and Milk Flow!” 


W. N. Bruce and G. C. Decker? 


During the last two fly seasons a study 
was made to determine if possible the 
treatments necessary to attain good fly 
control and their possible effects upon 
milk flow. It has been estimated by Free- 
born & Regan (1925) that 9.26 per cent of 
the loss in milk flow was caused by stable 
flies, Stomoxys calcitrans L., 3.33 per cent 
by house flies, Musca domestica L., 1.4 per 
cent by horn flies, Siphona irritans (L.), 
and 4.11 per cent by the use of certain re- 
pellent sprays. These figures were ob- 
tained from a few well-fed animals 
housed in screened stalls and do not indi- 

,cate losses resulting from interference 
with pasture grazing. Perhaps field condi- 
tions with flies feeding 8 to 10 hrs. contin- 
uously each day may cause larger losses 
than those indicated above. F. C. Bishopp 
(1913) cites farmers’ estimates of 40 to 
60 per cent losses as a result of stable 
fly outbreaks. The attempt to establish a 
correlation between good fly control and 
milk production has yielded some very 
interesting if not convincing evidence that 
a change in fly population will cause a 
change in rate of milk flow. The gross data 
obtained from 12 local dairy herds was 
unsuitable for statistical analysis. A study 
of production records of individual cows 
in about the same stages of lactation (3 to 
5 months after freshening) eliminated 
much of the heterogeneity encountered in 
the gross herd data and permitted the 
disclosure of significant differences among 
treatments. 

EXPERIMENTAL Metuop.—For each of 
the treatments, four herds were selected 
at random from a total of 12 available 
coonerators. Four herds, A, B, C, and D, 
were treated three times during this ex- 
periment with 56 grams per animal of 
the 50 per cent water-wettable residual 
toxicant. Herds A and C were sprayed 
with DDT* and Herds B and D with 
Rhothane.’ These treatments were applied 
with a small gasoline engine sprayer de- 
livering about 1 gallon of spray per minute 


_} Cost of publication paid by authors to secure early publica- 


n. 

2 This study was supported in part by a grant from the Rohm 
& Haas Company, Philadelphia 5, Pa. 

3 Assistant Entomologist, Illinois Natural History Survey and 
Entomologist, Illinois Natural History Survey & Illinois Agri- 
cultural Experiment Station, respectively. 

* Dichloro diphenyl] trichloroethane. 

5 Dichloro diphenyl] dichloroethane. 


at 75 to 100 lbs. pressure. A deliberate 
effort was made to saturate thoroughly 
the front legs, shoulders, and other places 
frequented by stable flies. About 1.5 
quarts of 2 per cent spray were used on 
each animal. 

Four herds, E, F, G, and H, were 
treated daily with small amounts of DDT. 
During the first test period (July 25 to 
August 15) F and H received an average 
of 0.12 grams DDT per cow per day. 
The other two herds E and G, were 
sprayed daily with repellent oil sprays. In 
the second test period (August 16 to 
September 13) herds E, F, G, and H were 
treated with 1.0 per cent DDT sprays to 
the amount of 0.23 grams DDT per cow 
per day. During the last test period 
(September 14-27) 2.0 per cent residual 
sprays were used to give an average 
dosage of 0.49 grams DDT per cow per 
day. The average dosage of DDT per 
cow per day was calculated from the ac- 
tual quantity of spray used by the co- 
operator through each test period. All 
these daily applications of DDT were 
made by the cooperator. He was advised 
on amounts of spray to use and procedure 
of spraying. One dairyman used a 3- 
gallon knapsack sprayer, two used a 1- 
gallon type hand sprayer with an ad- 
justable nozzle, and one used a 2-quart 
hand sprayer. All these sprayers were 
adjusted to deliver large-sized spray 
droplets. . 

The remaining four herds, I, J, K, and 
L, served as the check group and received 
only the commercial repellent type sprays 
containing small amounts of pyrethrins 
and thiocyanates. 

Fly counts were made on the cattle in 
their respective pastures between 10 
a.m. and 4 p.m. The number of flies found 
on ten animals in each herd were used to 
establish the mean number of flies per cow 
for each date. There was one fly count per 
week on herds E, F, G, H, I, J, K, and L. 
Fly counts on herds A, B, C, and D were 
more frequent, because a more accurate 
picture of the stable fly build-up after 
each residual treatment was desired. 

Daily records of milk production were 
kept by all cooperators for calculating 
the milk flow on the basis of pounds. 
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Table 1.—Data on herd management, milk production, and apparent increases over checks for all 


herds under observation. 




















Esti- Per Cent 
MATED APPARENT 
MANAGE- Ls. PER Cow PER WEEK FOR PERIODS INCREASE 
MENT . Per CENT OvrErR 
Herp | Rating | 7-3 to 7-24! | 7-25 to 8-15 | 8-16 to 9-13 | 9-14 to 9-27} or BasEe ContTROL? 
A A 157.7 137 .0 122.8 116.0 79.8 + 1.8 
B Cc 83.7 111.0 102.5 104.5 126.7 +48.7 
C A 158.3 139.0 129.5 119.5 81.7 + 3.7 
D B+ 183.7 147.0 144.3 149.5 109.9 +31.9 
E C 134.6 105.7 128.8 128.5 89.9 +11.9 
F A 176.6 152.7 148.3 148.0 84.8 + 6.8 
G C 136.3 130.7 146.5 155.0 113.5 +35.5 
H B 133.0 130.0 134.3 181.5 102.2 +24.2 
I A 172.6 148.7 127.3 110.0 74.6 — $3.4 
J B 142.0 119.7 109.8 109.0 79.5 + 1.5 
K B+ 153.6 130.0 120.3 114.0 79.0 + 1.0 
L C 127.6 113.0 101.5 87.5 78.9 + 0.9 
Per Cent 
APPARENT 
INCREASE 
6-1 to 6-28 | 6-29 to 7-26| 7-27 to 8-23 | 8-24 to 9-20 Over 1945 
N 1945 A+ 278.2 256.8 266.0 251.9 100.8 
S 1945 A+ 150.2 148.4 157.3 148.1 103.2 
R 1945 A+ 224.9 231.0 224.3 219.9 96.1 
N 1946 A+ 245 .6 252.4 271.6 265.0 106.3 + 5.5 
S 1946 A+ 141.3 139.0 146.8 146 .6 105.5 + 2.3 
R 1946 A+ 217.6 198.6 210.8 216.8 107.6 +17.5 


























1 Base period. 
2 Control value average of herds I to L. 


All herds except E, G, and I were pure- 
bred Guernsey. E was grade Guernsey, 
G herd was composed of grade animals 
which were nearly Guernsey, and I was 
purebred Holstein. Rations of various 
kinds were fed at milking time to either 
supplement the diet or to coax the beasts 
into the barn. In the better-managed 
herds, these rations were an important 
part of the animal’s diet. 
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Fig. 1.—Average number of stable flies per cow oc- 
curring on grazing dairy animals receiving three 
types of fly contro] treatment (herds A-L inclusive). 


Experimental method for animals in 
similar stages of lactation in University of 
Illinois Herds R, N, and S: Daily appli- 
cations of 2.0 oz. per cow of a 0.5 per cent 
residual spray were begun on July 27 
and continued to August 23. From August 
24 until September 20 the concentration 
of the residual materials in these sprays 
was at 2.0. A 1-quart electric sprayer ad- 
justed to deliver a coarse spray was used 
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Fira. 2. Average number of horn flies per cow occur- 
ring on grazing dairy animals receiving three types 
of fly contro] treatment (herds A-L inclusive). 
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for all the treatments. The herds R, N, 
and S were treated with DDT, Rhothane, 
and chlordane! emulsions respectively. 
The three barns which housed herds R, N, 
and S were treated with DDT June 29. 
The average number of flies on the cows 
was recorded from counts made between 
8:00 and 10:30 a.m. each day while the 
animals were grazing upon their pastures. 
The University of Illinois daily milk 
records of the selected animals in each 
herd were used to establish the milk flow 
gradients. Animals of these herds were on 
excellent pasture for about 8 hrs. in each 
day besides receiving their regular 
weighed ration of dry feeds. R herd in- 
cluded Holsteins, Guernseys, and Ayr- 
shires; S herd consisted of Jerseys, Guern- 
seys, and Brown Swiss; N herd was en- 
tirely Holstein. All animals used were 
purebred high-producing stock. Results 
of data obtained from the 12 dairy herds: 

The experimental results are best shown 


_ 1 1,2,4,5,6,7,8,8-octachloro-4,7-methano-3A,4,7,7A-tetrahydro- 
indane, 
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Fig. 3. Average per cent of initia] milk production 
per cow for herds sprayed with residual deposits of 
28 grams of DDT or Rhothane per animal, for herds 
sprayed daily with small quantities of DDT (0.12 to 
0.49 grams per cow) and for herds sprayed with con- 
ventional repellent-type sprays. 


in tables 1 and 2 and figures 1 to 3. The 
array of herds in table 1 with their herd 
management rating, production levels, 
and apparent increase in production over 


Table 2.—Milk production stated as per cent of initial milk flow and number of flies per animal 
summarized by treatment periods and types of treatment. 








_Incy USIVE DATES 





Ww idespread Treatment w with Residual Material 


| 7-25 to 8. sib 16 to 9- 13 | 9-14 to 9-27 





Hemp Data 


| 
| 


ea: of 83 milked 








Mean % of initial pe- | 100. 0%! 104.3%! 
riod of milk flow 
Fresh (f) or dry (d) 5f, 2d 8f, 4d 
No. of Animal Counts | 120 160 
Mean No. of Stableflies | 36.7 17.2 
48.8 4.0 


96.6% 





Mean No. of Hornflies 


Daily Treatments with Small Amounts of Residu: al Mate rials 








Mean % of initial pe- | 100.0% | 89.6%! 
riod of milk flow 
Fresh (f) or dry (d) 8f, 3d 1f, 2d 
No, of Animal Counts | 200 120 
Mean No. of Stableflies | 33.8 25.7 
| 43.9 \ AS 


Mean No. of Hornflies 





Check Herds Treated with Repellents 











Mean % of initial pe- | 100.0% | 85.9% 
riods of milk flow 

Fresh (f) or dry (d) | 4f,3d_| 6f, Od 

No. of Animal Counts 200 | 120 

Mean No. of Stableflies $1.5 41.5 

Mean No. of Hornflies 44.1 | 66.6 


} 


97. 7.5%! 16 Ts cows 
| 19 fresh cows 
| 4f, 7d 2f, 3d 
| 240 T60 
| 18.0 4.6 
1.9 0.9 
| Ave. ots 59 ) milked 
| 99. 9.3% 103. 8% | 20 20 dry cows 
| | 10 fresh cows 
5f, 12d If, 3d | 
| 160 80 
| 8.3 3.7 
2.6 0.8 
Ave. of 65 milked 
W7.2% | 70. 8% 14 dry cows 
17 fresh cows 
5f, 9d of, 2d 

160 80 

39.7 35.7 

79.8 62.4 





12 herds be a oa 
2 Herds E, 


ff DDT, 1 herd 3% Thanite, and 1 a pyrethrum spray on 7-25-46. Ave. of .12 g DDT/cow/day. 
H began using 1% DDT daily sprays on 8-16-46. Ave. dosage of .23 g/eow/day. 


3 Herds E, FE. ss mo H began using 2%, DDT daily spray on 9-13-46. Ave. dosage of .49 g/cow/day. 
‘ Residual animal treatment made on the last day of this period 28 g/cow/treatment. 











August 1947 


the controls indicate some logical trends. 
The production level of all herds seems to 
be directly related to management and in 
general the low-producing herds showed 
the largest gain from fly control. These 
data support the contention of dairy ex- 
perts that the greatest apparent increase 
in milk production will occur in poorly 
managed herds where flies interfere with 
grazing. Thus the heterogeneity in man- 
agement was reflected in apparent varia- 
tions in milk flow. 

These same variations made analysis of 
milk production data unsatisfactory. It 
was found that by the analysis of variance 
of all milk flow in terms of pounds per cow 
or in percentage gains or losses there was 
no significance among treatments and 
controls in any one period. Likewise when 
each milk flow curve was analyzed sepa- 
rately there was no significant change in 
any of the slopes except in Herds A, B, 
C and D which received daily applica- 
tions of small amounts of DDT. Here a 
significant change occurred at the onset 
of the use of 0.5 per cent residual toxicant 
and the change was even more significant 
when the concentration of sprays was 
raised to 1.0 per cent. 

The results of the statistical analysis 
would indicate that there was an insuffi- 
cient number of replicates for this type of 
gross study where the error term may be 
large. The investigation would at this 
point lead one to believe that in addition 
to a substantial number of flies one should 


have poorly managed low-producing herds. 


to show the most significant changes in 
gross or average milk flow data. 

The mean per cent of initial milk flow 
for each period and fly counts per animal 
during each period are given in table 2. 
Obviously these two factors are inversely 
related. A statistical study of the changes 
in fly population and milk flow from 
period to period gave a correlation co- 
efficient of 0.760, with 0.666 required to 
be significant and 0.798 to be highly 
significant. Table 2 does not reveal 
changes in milk flow within any of the 
three groups that are consistent with the 
number of animals drying or freshening. 
This would tend to eliminate the argu- 
ment that the changes in the milk flow 
were the result of freshening and drying 
dates. The effect of the elements was not 
considered in this experiment with gross 
data, since the check herds should have 


Bruce & Decker: Fry Controu anp Mix Fitow 533 


measured that variable. In regard to 
dosages all that need be said is that where 
a daily application of 0.23 gram of DDT 
per cow was made, good control of stable 
flies and elimination of horn flies was 
effected. Dosages of 0.49 grams of DDT 
applied daily did not significantly reduce 
the stable fly population beyond that at- 
tained by 0.23 grams per day. An average 
of one gram per day, applied as a heavy 
residual spray of 28 grams DDT per ani- 
mal at 4-week intervals, did not give ade- 
quate sustained stable fly control. An 
examination of table 2 and figure 1 makes 
it evident that the daily treatments in 
the third and fourth period were more 


Table 3.—Relationship of mean monthly 
temperatures and rainfall for Illinois to monthly 
milk production for the years 1943-46. 








MEAN TEMPERATURE 





Septem- 
June July August ber 
1943 75.1 77.5 77.0 63.6 
1944 76.0 76.2 75.5 68.0 
1945 68.4 74.8 74.2 67.3 
1946 72.3 76.3 70.7 66.9 


Mean RarnPALL For ILLINOIS 





Septem- 
June July August ber 
1943 3.84 3.00 2.98 2.41 
1944 2.42 1.83 3.80 3.00 
1945 6.65 1.46 3.47 7.68 
1946 4.39 2.43 5.95 2.07 


Mrxk PropwctTIon For ILLINOIS 
PERCENTAGE OF 
JUNE PRropucTION 





Septem- 
June July August ber 
1943 100 93.2 86.4 78.6 
1944 100 92.0 86.7 79.2 
1945 100 91.2 85.2 76.6 
1946 100 91.2 88.0 78.8 





effective in the control of stable flies than 
the widely spaced heavy residual sprays. 
Figure 1 shows that the heavy residual 
deposit reduced the stable fly population 
rapidly and that daily applications had 
the ability to hold the populations to a 
low level. Now would it not be logical to 
believe that a combination of the two sys- 
tems of spraying would produce the best 
stable fly control. First, use the. heavy 
residual treatment to reduce the fly 
population rapidly, then follow with fre- 
quent light applications of DDT to hold 
them at a low level. It might also be 
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beneficial to use heavier applications fol- 
lowing rains. 

Despite the fact that due to hetero- 
geneity the data failed to show a signifi- 
cance among treatments, one can hardly 
minimize the importance of the trends in 
production shown in figure 3. It is ob- 
vious that for a period of 6 weeks the 
relative production of treated herds was 
10 to 20 per cent higher than that of the 
check herds, particularly, when as has 
already been pointed out in table 2 


Table 4.—Lactation gradients' for animals in 
similar stages of lactation given as the decrease 
in pounds of milk per animal between two suc- 
cessive 4-week periods. 
































Devia- 
TION LocaTIon 
BETWEEN | ————_________________— 
Year) Perron See ee ee Be MEAN 
a b c 
1945 | I-II — 67.0 | —116.6 —76.7 — 86.8 
II-III — 82.5 —118.8 —74.5 — 91.9 
IlI-IV | — 70.8 —156.1 | —80.3 —105.4 
d | e | f 
1946 -II —100.5 | —121.0 | —78.6 —100.3 
Il-Il — 15.4**| — 46.2°*| —45.0**| —35.5°* 
I-IV | —113.8 | —192:0 | —67.4 | —100.9 
Mean | — 76.4 | —113.6" | -70.4 | 





* Significant at the 5% level. 
** Significant at the 1% level. 
_ } Gradents a, b, and c, analyzed by individual animal gra- 
dients show no < nye change in slope; however, d, e, and f 


have highly significant changes in their slope. 


variations in production were closely 
correlated with fly abundance. 

Data on milk production, mean daily 
temperatures, and the mean monthly 
rainfall in Illinois for four summers are 
presented in table 3. These data are given 
to show how little one set of these aver- 
ages is correlated with another. Extreme 
variations in temperature and rainfall 
undoubtedly would cause changes in 
milk flow, but these data show that the 
variations that occurred in the last 4 
years had no marked effect on milk flow 
and there was a consistent downward 
trend in the milk production from June 
to September in each of the four years 
(1943 to 1946). 

Resutts or Tests witH ANIMALS IN 
Smitak StaGes or Lactation.—Fly 
control in the University herds was very 
effective and the results quite gratifying. 
Analysis of the data for changes in the 
slope of the milk production curves for 
individual animals of each herd gave 
highly significant results. There was no 
significant change in slope of the lactation 
gradient in 1944 or in 1945; but in 1946 
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there was a highly significant change 
in the three herds R, N, and § occur- 
ring at the time of animal treatment. 
These are shown in table 4. Analysis of 
gradients a, b, c, d, ete., are based upon the 
slopes of production curves for individual 
animals within herds R, N, and S. Gradi- 
ents a, b, and c, had no significant change 
in their slopes. There was a highly sig- 
nificant change in gradients d, e and f 
which occurred at the time of animal 
treatment. The analysis is based upon 
the slope or rate of decline from one 
4-week period to the next. Also, overall 
analysis of 1945 and 1946 gradients for 
all herds gave a highly significant dif- 
ference in the change of slope occurring 
at the time of animal treatment in 1946. 
No significance was obtained among the 
other slopes of 1945 or 1946. There was a 
highly significant degree of correlation 
(correlation coefficient of —82). between 
changes in fly population and changes in 
the milk flow. The influence of pasture 
upon the milk flow of the University 
herds was considered to be insignificant 
because of the fact that the cattle were on 
the same good pastures for the entire 
grazing seasons of 1945 and 1946. Also 
weather conditions had little or no effect 
on milk flow and if anything weather con- 
ditions were more favorable in 1945 than 
in 1946 when the increases in milk flow 
occurred. With the excellent herd manage- 
ment and the supplementary rations of 
ground grain, nutrients, silage, and alfalfa 
hay these animals receive, food and man- 
agement are not variable. Data from ani- 
mals in about the same stages of lactation 
from four untreated Advanced Registry 
herds showed a steady decline throughout 
the 1946 season comparable to the 
theoretical or projected data for herds 
R, N, and S. A visual comparison of the 
lactation gradients may be made by con- 
sulting figure 4. 

It seems generally agreed among dairy 
statisticians that the milk production of 
dairy cows in the declining slope of their 
lactation gradient, other things being 
equal, tends to decline at a constant rate 
in terms of per cent of the preceding 
period. If this is true, in view of the 
previous discussion, it is extremely dif_i- 
cult to explain the highly significant 
changes that occurred in the slope of the 
1946 gradients unless they are attributed 
to fly control. 
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AVERAGE NUMBER POUNDS OF MILK PER COW 


AVERAGE NUMBER FLIES PER COW 
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Data in table 4 show the beneficial 
effect upon the lactation gradients of 
Herds R, N, and § that can be attributed 
to good fly control. The gradient II-III 
for 1946 indicates an increase of about 22 
Ibs. (10.0 per cent) of milk per cow per 
week for Herd R, 19 lbs. (8.3 per cent) of 
milk per cow per week for Herd N, and 
7 Ibs. (4.8 per cent milk per cow per week) 
for Herd S. These increases were calcu- 
lated from the difference between actual 
and expected production curves. 

A review of the data presented in table 
1 at this time will be of interest. The ap- 


Table 5.—Average number of flies per grazing 
animal for herds R, N, and S by 4-week periods 
for 1946. 
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FOUR-WEEK PERIODS 








Pertop 
TREat- 

Herp MENT Specie I II Im itv: 
Horn fi 40.77 57.25 $3.12 0.4 

N Rhothane Stable 27.0 82.68 11.80 2.22 
Total 67.77 89.93 14.92 2.62 

Horn 29.43 37.95 2.22 0.25 

Ss Chlordane Stable 17.23 18.78 8.92 2.12 
Total 46.66 656.73 11.14 2.37 

Horn fi 45.50 71.58 1.00 0.0 

R DDT Stable 45.60 68.28 18.37 1.75 
Total 91.10 139.86 14.387 1.75 





1 2 fl. oz. of 0.5% toxicant per animal per day. 
22 fi. oz. of 2.0% toxicant per animal per day. 


parent increase for Herds R, N, and S 
are calculated on the basis of the previous 
year’s milk production. These data are 
gross herd records so that they may be 
compared with the other gross data in 
table 1. Inasmuch as these herds rank 
among the lowest in apparent gains and 
yet the production records of individual 
animals showed significant changes in 
their lactation gradient, it would appear 
that the rest of the data in table 1 should 
have some meaning in spite of the lack 
of significance obtained by statistical 
analysis of the gross milk flow data for 
the 12 herds. 

As to the degree of fly control obtained 
on the three University herds, there was 
a reduction in all herds to about the 
same fly density with the use of chlor- 
dane, DDT, and Rhothane emulsions. No 





Fia. 4. Gradients of milk production for animals in 
similar stages of lactation, including a theoretical 
gradient, actual gradients of 1944 and 1945, and both 
actual and expected gradients for 1946; also, fly 
populations as observed on treated herds in 1946. 
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practical difference existed among these 
as is shown in table 5 and figure 4. In- 
creasing the concentration of sprays 
from 0.5 to 2.0 per cent may have been 
1esponsible for the progressively smaller 
fly population, but this may have oc- 
curred with the continued use of the 
lower concentration. 

Summary.—1l. Heterogeneity in gross 
herd milk production data makes it diffi- 
cult to establish significances among 
treatments. 

2. In every instance herds treated with 
DDT or Rhothane maintained milk 
production better than herds treated with 
repellent-type sprays. 

3. Poorly managed herds which relied 
largely on pasture for food showed a 
greater response to treatment than well- 
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managed herds receiving excellent care 
and heavy supplemental rations. 

4. There was a high degree of inverse 
correlation between changes in milk 
production and fly abundance (a corre- 
lation coefficient of —.760, with .666 for 
the 5 per cent level and .789-for the 1 per 
cent level). 

5. Animals in continuous lactation 
showed highly significant changes in the 
slopes of their milk production gradients 
at the time of treatment. 

6. Correlation between changes in milk 
production and fly abundance was highly 
significant in the case of selected animals 
in continuous lactation (correlation co- 
efficient of —.82 with .666 for the 5 per 
cent level and .798 for the 1 per cent 
level). 


LITERATURE CITED 


Bishopp, F. C. 1913. The stable fly. U.S.D.A. Farmers’ Bulletin No. 540. 
Freeborn, S. B., Wm. M. Regan and A. H. Falger. 1925. The relation of flies and fly sprays to milk 


production. Jour. Econ. Env. 18: 779-90. 





Effectiveness of Different forms of Nicotine in 
Cotton Aphid Control 


C. E. Situ and I. J. Becnex, Louisiana Agricultural Experiment Station, Baton Rouge 


The program, for controlling the boll- 
weevil-aphid complex on cotton with a 
calcium arsenate-nicotine dust mixture, 
which has been recommended in Louisiana 
for a number of years, has several disad- 
vantageous features, namely: (1) the 
difficulty of mixing liquid nicotine sul- 
phate and calcium arsenate; (2) the ob- 
noxious nature of the mixture during both 
the mixing process and field application; 
and (3) the extra cost and trouble in- 
volved. With the view of improving and 
simplifying the formulation, a study has 
been underway several years which in- 
cludes different forms and dilutions of 
nicotine in mixtures with calcium arse- 
nate. It is the purpose of this paper to 
report the results obtained in three ex- 
periments conducted in 1944, 1945 and 
1946 at the Northeast Louisiana Experi- 
ment Station, St. Joseph, Louisiana.! 


1 The insecticidal applications and insect infestation counts 
were made by J. L. yaa awe! in 1944 and 45, and by Des Clower 
in 1946 Gander the te supervision of C. B. Haddon, 
Superintendent of Tue station, and under the general supervision 


ProcepurE.—Cotton grown for 
varietal increasing, which received the 
normal cultural practices, was used as 
test cropz. Treatments were replicated 
four times in randomized blocks on plots 
0.1 to 0.2 acre in area. The insecticides 
were applied with rotary-type hand dust 
guns in late afternoon and early evening 
after the atmosphere had become rela- 
tively calm. The applications were made 
at intervals of 4 and 5 days, beginning 
after fruiting was well started (not based 
on boll weevil infestations) and continued 
until severe aphid infestations developed 
on the calcium arsenate treated plots. 
Repeat applications were made when rains 
of 0.5 inch or more occurred within 24 
hours after scheduled applications. 

Preliminary boll weevil infestation 
counts were made at seven-day intervals, 
starting when the cotton contained an 
average of about 5 squares per plant. The 
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Table 1.—Comparative effectiveness of calcium arsenate and three different forms of nicotine in 
calcium arsenate mixtures in controlling the boll weevil and aphids on cotton in 1944. 

















Rate PER Bou INcREASE OVER 
ACRE PER WEEVIL APHID SEED 
APPLICA- INFESTA- INFESTA- Corton Calcium 
TREATMENT TION TIONS TIONS Per AcRE Check Arsenate 
Pounds Per Cent Numbers Pounds Pounds Pounds 
1. Check 36.5 52.5 3354 61 
2. Calcium arsenate 8.40 21.5 688.6 . 3293 —61 
3. Nicotine sulphate,! 
2% nicotine 7.76 17.8 1.4 3692 338 399 
4. Black Leaf 155, 
2% nicotine 8.75 21.0 3.8 3647 293 354 
5. Dry Concentrate, 
2% nicotine 8.58 22.3 1.6 $712 358 419 
Differences required for sig- 
nificance at level of 5% 6.0 186.0 314 





1 Regular or commercial calcium arsenate used with the nicotine as a carrier and boll weevil poison. 


samples consisted of 400 squares—100 per 
block—taken while walking from the 
outer corner to the inner corner, or vice 
versa, of each block. Detailed counts 
were begun the day of or prior to the first 
application and repeated on the day be- 
fore or day of each succeeding applica- 
tion. These counts were made on 100 
squares, half-grown or larger, per plot, 
counting both egg and feeding punctures. 
Boll weevil infestation counts were made 
systematically from the squares located 
on the lower part, center and top of the 
plant. Only punctured squares were re- 
moved from the plants. 

Aphid infestation counts were made 
just previous to the insecticidal applica- 
tions, with one or two additional ones 
made during the period of ten days to two 
weeks following the last application. 
These counts were made by examining 
one square inch near the center of the 
lower surface of the fourth leaf from the 
top on 100 plants taken at random on the 
center 2 rows of each plot. 

The seed cotton produced on 5 to 8 
inner rows of the plots was harvested for 
yields, the weights of which were used in 
calculating per acre production. 

Treatments of formulations of nicotine 
in modified carriers received major at- 
tention. These dusts contained nicotine in 
a form that was highly soluble in water, 
but only slightly volatile. They are re- 
ferred to as “Dry Concentrates.” A 
nicotine compound! containing soluble 
and insoluble nicotine with low volatility, 
and two finished dusts containing ben- 
zene hexachloride were used in one experi- 


1 Black Leaf 155. 


ment. Other materials included commer- 
cial calcium arsenate, a special calcium 
arsenate’ containing only a slight amount 
of free lime and liquid nicotine sulphate. 

Commercial calcium arsenate was used 
in all applications in one treatment and 
in alternate applications with all of the 
various mixtures tested; in a mixture with 
liquid nicotine sulphate as treatment 
checks; and as weevil poison and carry- 
ing agent in all other mixtures, except the 
two in which the special calcium arsenate 
was used. 

1944 ExperRIMENT.—The primary ob- 
ject of this experiment was to compare 
three forms of nicotine, namely: nicotine 
sulphate Black Leaf 155, and Dry Concen- 
trate, in mixtures with calcium arsenate 
in controlling the boll weevil and aphids 
on cotton. The operations included nine 
applications of the insecticides made July 
24 to August 28; 14 weevil infestation 
counts, six before and eight during the 
application period, July 1 to August 28; 
and 11 aphid counts, one just before each 
application and two after the last appli- 
cation, July 24 to September 12. The aver- 
ages of the 8 weevil and 10 aphid counts 
made subsequent to the first insecticidal 
application were used to evaluate the 
treatments (Table 1). 

Resutts.—A statistical study of the 
data in table 1 shows: (1) that all of the 
insecticidal treatments were significantly 
superior to the check in controlling the 
boll weevil, but that there were no signifi- 
cant differences between the insecticides; 
(2) that the three dusts containing nico- 
tine and the check were significantly su- 


2 Niakil, 
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Table 2.—-Comparative effectiveness of calcium arsenate and three dilutions of each of two forms 
of nicotine in calcium arsenate mixtures in controlling the boll weevil and aphids on cotton in 1945. 

















RaTE PER Boi INCREASE OVER 
ACRE PER WEEVIL APHID SEED 
Appuica- Inresta- Inresta- CorTTon Caleium 
‘TREATMENT TION TIONS TIONS Per AcrE Check Arsenate 
Pounds PerCent Numbers Pounds Pounds Pounds 
1. Check 49.03 18.15 1815 —194 
2. Calcium arsenate 7.27 25.00 24.89 2009 194 
3. Nicotine sulphate, 2% nicotine’ 7.57 34.53 1.48 2475 660 466 
4. Dry Concentrate, 2% nicotine! 7.61 35.21 2.52 2598 7 589 
5. Nicotine sulphate, 1% nicotine! 7.99 26.79 8.64 2215 400 206 
6. Dry Concentrate, 1% nicotine! 7.42 35.64 4.12 2376 561 367 
7. Nicotine sulphate, 0.5% nicotine’ 8.16 $2.78 14.95 1925 110 — 84 
8. Dry Concentrate, 0.5% nicotine’ 8.16 $1.71 10.27 2056 241 47 
Differences required for significance 
11.02 4.76 399 


at level of 5% 





1 Commercial calcium arsenate used with the nicotine as a carrier and a boll weevil poison. 


perior to calcium arsenate in not allowing 
an aphid buildup, and the differences 
between the aphid populations on the 
check and the three dusts containing 
nicotine were not significant. In yields 
of seed cotton, there was no difference 
between the calcium arsenate and check; 
all three nicotine treatments were superior 
to calcium arsenate, whereas only the 
liquid sulphate and dry concentrate were 
superior to the check. 

1945 Exprermment.—The purpose of 
this experiment was to determine the 
relative value of nicotine in the liquid 
sulphate form and the new Dry Concen- 
trate added to calcium arsenate. Both 
forms were used in three concentrations, 
namely: 2 per cent, 1 per cent and 0.5 
per cent. Seven effective applications and 
1 repeat were made July 16 to August 13; 
11 weevil counts, 4 before and 7 during the 
application period, June 28 to August 16; 
and 10 aphid counts, 6 during and 3 
following the application period, July 16 
to August 29. The evaluations of the treat- 
ments by weeevil damage and aphid 
population were based on averages of the 
7 weevil and 9 aphid counts made sub- 
sequent to the first application (‘Table 2). 

Resutts.—As is shown in table 2, all 
mixtures containing calcium arsenate 
were superior to the check in controlling 
the weevil; that calcium arsenate alone 
had a significantly higher aphid popula- 
tion than all other treatments including 
the check; that the mixtures containing 
2 per cent liquid sulphate, 2 per cent and 
1 per cent dry concentrate were superior 
to the mixtures containing 1 per cent and 


0.5 per cent liquid sulphate and 0.5 per 
cent dry concentrate; and the differences 
between the 1 per cent and 0.5 per cent 
liquid sulphate and 0.5 per cent dry con- 
centrate were non-significant. 

In yields, there were no significant dif- 
ferences between the two forms of 2 per 
cent and 1 per cent nicotine dusts; the 
two 2 per cent dusts were significant over 
the check, calcium arsenate and the two 
0.5 per cent dusts; the two 1 per cent dusts 
were significant over the check; and there 
were no differences between the check, 
calcium arsenate and the two 0.5 per cent 
nicotine dusts. 

1946 ExpeRIMENT.—This experiment 
was designed to compare the value of three 
nicotine preparations of the Dry Concen- 
trate type, benzene hexachloride and the 
liquid nicotine sulphate. Seven effective 
and one repeat applications of the insec- 
ticides were made from July 17 to August 
21; seven weevil counts, one just before 
each application, July 17 to August 21; 
and eight aphid counts, one just before 
each application and one 10 days after 
the last application, July 16 to August 31. 
The evaluations of the treatments by 
weevil damage and aphid population are 
based on the averages of all weevil and 
aphid counts (Table 3). 

Resutts.—A study of the data, table 
8, showed: (1) that all of the treatments 
were significantly superior to the check 
in controlling the weevil; (2) in aphid 
control, all treatments execpt the calcium 
arsenate and special calcium arsenate-ben- 
zene hexachloride treatments, were supe- 
rior to the check, whereas all treatments 
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Table 3.—Comparative effectiveness of calcium arsenate, and several specially prepared nicotine 
and benzene hexachloride mixtures in controlling the boll weevil and aphids on cotton in 1946. 

















RATE PER Bot. INCREASE OVER 
AcCREPER WEEVIL APHID SEED 
Appuica- Inresta-  INFESTA- Corton Calcium 
TREATMENT TION TIONS TIONS Per AcrE Check Arsenate 
Pounds PerCent Numbers Pounds Pounds Pounds 
1. Check 53.50 20.01 1529 — 538 
2. Calcium arsenate 8.17 28.92 30.85 2067 538 
3. Liquid sulphate, 1.94% nicotine 7.84 34.88 0.38 2483 954 416 
4. Dry Concentrate, 1.31% nicotine 7.00 30.79 1.11 2706 1177 639 
5. Dry Concentrate X, 1. 43% nico- 
tine 7.36 31.08 0.53 2604 1075 537 
6. Special Calcium Arsenate!- Dry 
Concentrate, 1.47% nicotine 6.69 33.71 4.47 2108 579 41 
7. Comme.cial Calcium arsdnate 
Dry Concentrate Y, 12.8% nico- 
tine and 0.83% gamma benzene 
hexachloride 6.79 29.58 1.33 2580 1051 518 
8. Special Calcium arsenate!-Dry 
Concentrate Z, 1.54% gamma 
benzene hexachloride 7.49 34.54 16.71 2045 516 — 22 
Differences required for signifi- 
cance at level of 5% 14.41 8.76 363 





1 Niakil. 


including the check were superior to the 
calcium arsenate; and special calcium 
arsenate-benzene hexachloride treatment 
was inferior to all treatments containing 
nicotine. 

In yields, all treatments were signifi- 
cantly superior to the check; the four 
commercial calcium  arsenate-aphicide 
mixtures were not significantly different, 
but were significant over the two dusts 
containing Niakil; and there was no dif- 
ference between the latter two treatments. 

Summary.—In field experiments con- 
ducted at the Northeast Louisiana Ex- 
periment Station, St. Joseph, Louisiana, 
during 1944, 1945 and 1946, several 
somewhat stable concentrated dust prepa- 
rations of nicotine, Dry Concentrates and 
Black Leaf 155, in varying concentrations 
in mixtures with calcium arsenate were 
compared with the recommended calcium 
arsenate were compared with the recom- 
mended calcium arsenate-liquid sulphate 
of nicotine dust mixture in controlling 
the boll weevil and the aphids on cotton. 

The results indicated that none of the 
nicotine preparations when mixed with 


commercial calcium arsenate interfered 
with this poison in controlling the boll 
weevil; and at 2 per cent nicotine concen- 
trations, Dry Concentrate and the liquid 
sulphate were equal in effectiveness in 
controlling or preventing the buildup of 
aphids, and both tended to be better than 
Black Leaf 155; however, at concentra- 
tions of 1 per cent and 0.5 per cent Dry 
Concentrate tended to be better than the 
liquid sulphate. 

In one experiment in the presence of an 
extremely heavy aphid population, the 
undusted check outyielded the calcium 
arsenate treatment. In all these experi- 
ments, treatments containing commercial 
calcium arsenate were significantly su- 
perior to the undusted checks in control- 
ling the boll weevil; and all calcium 
arsenate treatments had _ significantly 
higher aphid populations. In all cases, 
dusts containing 1 per cent or more of 
nicotine produced significantly higher 
yields and had significantly fewer aphids 
than the calcium arsenate treatment, 
and than the check in two of the experi- 
ments. 














Pink Bollworm Carry-over from One Cotton Crop to 
the Next in the Lower Rio Grande Valley 


L. C. Firs, Ivan Suriier, and A. J. Caapman,! U.S.D.A., Agr. Res. Adm., 
Bureau of Entomology and Plant Quarantine* 


Since the discovery of the pink boll- 
worm Pectinophora gossypiella (Saund.), 
in the Lower Rio Grande Valley of Texas 
and Mexico in August 1936, the principal 





Fig. 1.—Cages containing cotton bolls infested with 
pink bollworms used in studies to determine pink 
bollworm carry-over from season to season. 


measures used for suppression and control 
have been sterilization of seed by heat, 
cotton-gin sanitation, early plowing under 
of cotton stalks and crop debris, elimina- 
tion of volunteer or Soca cotton, a regu- 
lated planting date, and a closed season of 
4 or 5 months against cotton growing. 
Information was needed on the biology 
and habits of the pest in this area, espe- 
cially in regard to its method of carry-over 
from one cotton crop to the next. 

When they have completed feeding, 
many of the pink bollworms go into an in- 
active state for a prolonged period. These 
inactive larvae are termed “resting” 
larvae to distinguish them from the 
“short-cycle” type, which pupate and 
emerge soon after they complete feeding. 
Investigations were started at Browns- 
ville, Texas, in July 1939 to determine the 

1 Thanks are due O. L. Walton and C. A. Richmond for as- 
sistance in obtaining the field records. 
2 In cooperation with the Delegacion Fitosanitaria in Mata- 


a 
moros, Tamaulipas, Mexico, and the Texas Agricultural Experi- 
ment Station. 


time and place of occurrence of the rest- 
ing stage, its duration, and time and rate 
of moth emergence. The more important 
findings up to December 1945 are briefly 
discussed herein. 

Metuop.—To determine the time and 
rate of emergence of the pink bollworm 
moths from hibernation, Shiller (1946) de- 
vised a cage that approximated outside 
conditions as near as possible and was 
efficient in trapping the moths (Fig. 1). 
Infested open cotton bolls or the fruiting 
forms of various wild and cultivated 
plants were placed inside the cages during 
the late summer and fall. Moth emergence 
was observed in three environments, 
namely, above ground to simulate stand- 
ing plants, on the soil surface, and buried 
1.5 inches. 


Table 1.—Monthly temperature and rainfall 
at Brownsville, Texas (Data from U. S. Weather 
Bureau). 











TEMPERATURE 
Maxi- Mini- 
Mean mum mum Mean 





(72 (54 (54 RatnraLu 
Monts years) years) years)(67 Years) 
°F, Wee «9 Inches 
January 59.8 90 18 1.39 
February 62.9 94+ 12 1.28 
March 68.2 102 30 1.20 
April 73.8 100 39 1.40 
May 78.4 102 41 2.49 
June 82.3 103 56 2.52 
July 83.6 102 647 2.01 
August 83.9 104 63 2.48 
September 80.7 102 51 5.78 
October 74.9 99 38 3.22 
November 67.4 98 Q7 2.00 
December 61.4 93 18 1.67 
Annual 73.1 —- ae 27.43 





Infested open cotton bolls were held in 
the laboratory from 10 to 30 days before 
being placed in the cages. After the bolls 
had been thoroughly mixed, 20 samples of 
1 pound each were taken at random from 
each collection and examined to deter- 
mine the number of larvae installed per 
cage. Moths were collected from these 
cages almost daily from date of installa- 
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tion through July of the following year. 

CLIMATE IN THE LoweER Rio GRANDE 
VaLLEY.—The climate in the Lower Rio 
Grande Valley, a semitropical area, favors 
the growth of a xerophytic to mesophytic 
vegetation owing to its frequent periods 
of drouth. Cotton grown without irriga- 
tion in this area, which includes about 70 
per cent of the total acreage in cotton. 
almost always suffers considerably from 
lack of moisture. 

The annual rainfall at Brownsville, a 
locality typical of this area, averaged 
27.43 inches over a 67-year period, and 
the greatest monthly mean total of 5.78 
inches occurred in September (Table 1). 

The monthly temperature over a 72- 
year period averaged 61.4° F. for Decem- 
ber, 59.8° for January, and 62.9° for 
February, the coldest months; and the 
daily maximum winter temperatures were 
usually high enough to permit insect ac- 
tivity during the entire year. Weather 
Bureau records over a 60-year period 
showed that in every 10 years tempera- 
tures of 32° F. or below occurred 8, 14, 
and 7 times during December, January, 
and February, with minimum tempera- 
tures of 18°, 18°, and 12° F. for the same 
months. 

RELATION OF ENVIRONMENT TO SuR- 
VIVAL AND EM®RGENCE.—Preliminary 
tests in 1939 showed that the larvae go 
into the resting stage as early as the latter 
part of July in open cotton bolls on stand- 
ing stalks, on the soil surface, or buried 1 
to 4 inches. In these tests mature larvae 
that had not pupated within 30 days were 
considered as having entered the resting 
stage. 

In later tests infested open cotton bolls 
were collected during August, September, 
and October and placed in hibernation 
cages in the three environments men- 
tioned above. The time and rate of moth 
emergence, based on a 2-year average, 
1943-44 and 1944-45, is shown in figure 
2. 

Moths emerged in each environment 
every month from August to July of the 
following year. In general, there were two 
periods of high emergence, one in the fall 
and the other in the spring (Fig. 2, A). 
Emergence was retarded during Decem- 
ber, January, and February owing to 
lower temperatures. A higher percentage 
of the emergence occurred at a later date 
from the bolls on standing stalks than 
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from bolls on the soil surface, and a higher 
percentage occurred later from bolls on 
the soil surface and on standing stalks 
than from bolls buried 1.5 inches. 

By November 30, 59 per cent or more 
of the total emergence had already oc- 
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Fic. 2.—Time and rate of moth emergence of the 

pink bollworm from infested open cotton bolls in 

hibernation cages on standing stalks on the soil sur- 

face, and buried 1.5 inches, 2-year average.’ A—Per 

cent monthly emergence; B—Per cent accumulative 
emergence. 


curred in each environment. Usually, 
however, only those moths that emerged 
after March 15 were able to infest culti- 
vated cotton of the following crop. As 
shown by the vertical lines in figure 2, B, 
approximately 66, 81, and 86 per cent of 
the total emergence had occurred by 
March 15 from bolls on standing stalks, 
on the soil surface, and buried 1.5 inches 
respectively. 

Tests of significance were made by the 
method of analysis of variance. Instead of 
per cent survival, corresponding angles 
as given by Snedecor (1940, pp. 362-85) 
were used throughout this paper. 

Table 2 shows the percentage of pink 
bollworms emerging after March 15 from 
the three environments for 1944 and 
1945. The difference in survival between 
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the bolls on standing stalks and bolls 
buried 1.5 inches was the only difference 
significant at the 5-per cent level. 
RELATION Between Date or INsTAL- 
LATION AND SURVIVAL AND EMERGENCE 
or Morus.—To determine what effect 
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tive emergence was about 99, 95, and 53 
per cent, respectively. 

The winter survival, or the emergence 
after March 15, from infested bolls in- 
stalled on three dates for the years 1944 
and 1945 is shown in table 3. The survival 


Table 2.—Winter survival of the pink boll-worm in infested open cotton bolls installed in 
hibernation cages on standing stalks, on the soil surface, and buried 1.5 inches, Brownsville, Tex. 








APPROXIMATE SURVIVAL 


























LARVAE AFTER EQUIVALENT 
ENVIRONMENT SEASON INSTALLED Marcu 15 ANGLE 
Number Per Cent 
~ : {1943-44 3,870 25.6 
Standing stalks 1194445 3/819 15.3 
Average or total 7,689 20.4 26.7 
i {1943-44 10,989 11.8 
On the soil surface 1194445 10.770 5.9 
Average or total 21,759 8.5 16.7 
: “cin. {1943-45 10,989 2.6 
Buried 1.5 inches 1194445 10,770 19 
Average or total 21,759 $.2 8.6 


Minimum significant difference (P=0.05) 











the date that larvae enter the resting 
stage has on time and rate of survival and 
emergence of moths to infest the follow- 
ing cotton crop, infested open cotton bolls 
were collected during three different 
periods—August 8 to 16, September 11 to 
18, and October 12 to 19—and placed in 
hibernation cages for moth emergence. 
The results based on a 2-year average, 
1943-44 and 1944-45, are shown graphi- 
cally in figure 3. 

In general there were two peaks of 
emergence, one about the first month 
after installation and the other in the 
spring of the following year. Emergence 
from each date of tmstallation was re- 
tarded during December, January, and 
February owing to low temperatures. 
Furthermore, as the date of installation 
was delayed, the spring emergence was 
also delayed and the per cent survival of 
moths to infest cultivated cotton of the 
following crop greatly increased. 

By November 30 approximately 98, 92, 
and 27 per cent of the total emergence had 
occurred from the bolls installed August 
8 to 16, September 11 to 18, and October 
12 to 19; and on March 15 the accumula- 


from the bolls installed August 8 to 16, 
September 11 to 18, and October 12 to 
19 averaged approximately 0.4, 5, and 26 
per cent, all these survivals being signifi- 
cantly different at the 5-per cent level. 

As a control measure it would there- 
fore seem logical to plow the cotton-crop 
residue under as early and as deep as 
possible. 

Errect or Moisture ON SURVIVAL.— 
To determine the effect of excessive rain- 
fall on winter survival and on the time 
and rate of moth emergence, about 0.5 
inch of water was artificially applied once 
a week to bolls on standing stalks, on the 
soil surface, and buried 1.5 inches. This 
water was applied between January 15 
and June 30, 1944, and between October 
31, 1944, and May 21, 1945. Including 
rainfall, this series of cages received 35.6 
inches of water during 1943-44 and 34.9 
inches during 1944-45; another series of 
cages received only rainfall, totaling 19.9 
and 17.8 inches, for the same years. 

The winter survival was always lower 
in the watered series than in the non- 
watered series (Table” 4). However, an 
analysis of variance of these data showed 
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Table 3.—Winter survival of the pink bollworm in infested open cotton bolls installed in 
hibernation cages during August 8 to 16, September 11 to 18, and October 12 to 19, Brownsville, 



































Tex. 
APPROXIMATE SURVIVAL 
LARVAE AFTER EQUIVALENT 
Date OF INSTALLATION SEASON INSTALLED Marcu 15 ANGLE 
Number — Per Cent 
August 8-16 1943-44 12,036 0.81 
ane 1944-45 3,100 0.02 
Average or total 15,136 0.41 3.0 
i 5 (1948-44 7,382 8.00 
September 11-18 | 1944-45 6,396 1.54 
Average or total 13,728 4.77 11.7 
tf {1943-44 6,480 31.10 
October 12-19 1194445 15,860 20.85 
Average or total 22 343 25.97 30.5 
7.6 


Minimum significant difference (P=0.05) 





that none of these percentages were 
significantly different at the 5 per cent 
level. 

The per cent accumulative emergence 
indicates that there was little difference 
in the time and rate of moth emergence 
between the watered and nonwatered 
series regardless of the environment. 

DvuRATION OF THE RestinG STAGE.— 
The maximum duration of the resting 
stage was 337 days (11 months) in open 
bolls on standing stalks and 276 days in 
those on the soil surface or buried 1.5 


inches. These data are based on moth- 
emergence records in hibernation “cages” 
during 1943-44 and 194445. 

When the bolls are placed in cages, the 
emergence of the pink bollworm is stimu- 
lated because of the higher relative 
humidity of the air and soil moisture in 
the cages. It is therefore believed that the 
duration of the resting stage would be 
somewhat longer under natural conditions. 

LaRVAE IN FREE Cocoons.—In the 
Big Bend of Texas, an arid area, larvae 
always overwinter in free cocoons in the 


Table 4.—Effect of increased moisture applied artificially to infested open cotton bolls on 
standing stalks, on the soil sufface, and buried 1.5 inche on winter survival of the pink boll- 


worm, Brownsville, Tex. 








APPROXIMATE LARVAE 
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INSTALLED Marcu 15 
Not : Not 
ENVIRONMENT SEASON Watered Watered Watered Watered 
Number Number Per Cent Per Cent 
Stontng sas {140 i eS ae 
Average or total 2234 3351 33.6 49 a 
On the wil utace {108-4 a nD 
Average or total 5586 9496 15.5 21.7 
Buried 1.5 inches {1943-44 1620 2754 3.1 7.5 
(1944-45 3966 6742 2.0 5.6 
Average or total 5586 9496 2.6 6.6 
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soil. In the Lower Rio Grande Valley of 
Texas and Mexico 880 square yards of 
soil 3 to 6 inches deep from the most 
heavily infested fields were examined for 
cocoons during 1939-40 and 1940-41, but 
no cocoons were found. 

To determine whether or not larvae 
overwinter in free cocoons in the soil, 
13,930 larvae were installed in screened 
hibernation cages. An examination of 
these cages 3 to 4 months after installation 
showed that all the larvae had pupated or 
died. 

OVERWINTERING LARVAE IN SECOND- 
Ary Host Puiants.—Infested fruiting 
forms of various wild and cultivated mal- 
vaceous plants other than cotton were 
collected from August to December and 
placed in hibernation cages to determine 
the extent of infestation and the time of 
moth emergence. Each species was placed 
in an environment similar to the natural 
conditions under which it was found. 

From infested dry pods of okra, 
Hibiscus esculentus L., installed in hiber- 
nation cages above the soil and on the 
soil surface on November 21, 1944, 86 
and 80 per cent of the total emergence 
(101 moths) occurred after March 15, 
1945. 

Under certain conditions okra becomes 
heavily infested with the pink bollworm. 
Chapman & Moreno (1945) recorded an 
infestation of 100 per cent in dry seed 
pods and 51 per cent in green pods on 
November 13, 1943, in a field near 
Matamoros, Mexico. One hundred of the 
dry pods yielded 294 mature pink boll- 
worms, most of which were in the resting 
stage, and 100 green pods yielded 79 pink 
bollworm larvae, most of them mature. 
Therefore, dry okra pods might play an 
important part in perpetuating the pink 
bollworm from one cotton crop to the 
next. 

It was also found that the pink boll- 
worm can be carried over from one cotton 
crop to the next in the seed pods of 
Pseudabutilon lozani (Rose) Fries. From 
52,100 green and dry pods of P. lozani 
installed in hibernation cages during 
October, November, and December 1943, 
15.2 per cent of the total emergence (125 
moths) occurred after March 15, 1944, 
these moths being able to infest the next 
crop of cultivated cotton. Between Octo- 
ber 23 and November 11, 1944, 86,100 
mature seed pods were installed in hiber- 
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nation cages above ground and 51,666 
pods on the soil surface; and from a total 
survival of 165 moths, 7.9 and 6.2 per 
cent emerged after March 15, 1945. In 
1944, during an examination of 295 seed 
pods of P. lozani in its natural habitat, 
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Fic. 3.—Time and rate of moth emergence of the 

pink bollworm from infested open cotton bolls in- 

stalled in hibernation cages August 8-16, September 

11-18, and October 12-19, 2-year average. A—Per 

cent monthly emergence; B—Per cent accumulative 
emergence. 


4 pink bollworm larvae were found, 1 in 
January and 3 in March. Further tests 
showed that pink bollworms developing 
on P. lozani can readily transfer to cotton. 

The resting pink bollworm larvae were 
also found in the fruiting forms of turks- 
cap, Malvaviscus drummondi Torr. and 
Gray. However, in outdoor hibernation 
cages containing infested blooms and 
pods, all the moths emerged before culti- 
vated cotton of the next crop was avail- 
able to serve as a host. 

Winter’ = Activity.—Pink bollworm 
moths emerge during every month of the 
year, and reproduction takes place when- 
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ever fruiting host plants are available. 
Immature larvae have been taken from 
green cotton squares and bolls during 
December, January, and February, the 
coldest months. The insect could, there- 
fore, maintain itself in rather large num- 
bers from one cotton crop to the next by 
continuous breeding, if all green cotton 
plants were not destroyed. Reproduction 
also occurs to a limited degree on other 
host plants during the winter months. 

SumMary.—Investigations were under- 
taken in 1939 in the Lower Rio Grande 
Valley of Texas and Mexico, a semitropi- 
cal area, to determine how the pink boll- 
worm Pectinophora gossypiella (Saund.), 
maintains itself in the interval between 
one cotton crop and the next. 

The larva was found to go in the rest- 
ing stage in open cotton bolls in the field 
during the latter part of July, even though 
conditions were apparently still favorable 
for its development. Tests in hibernation 
cages showed that moths emerge every 
month of the year from open cotton bolls 
on standing stalks, on the soil surface, 
and buried 1.5 inches. 

Larvae surviving the winter and avail- 
able to infest cultivated cotton averaged 
20.4 per cent from infested bolls on stand- 
ing stalks, 8.5 per cent from bolls on the 
soil surface, and 2.2 per cent from bolls 
buried 1.5 inches. 

The winter survival from open bolls 
installed in hibernation cages from Au- 
gust 8 to 16 averaged 0.4 per cent; 
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September 11 to 18, 5 per cent; and 
October 12 to 19, 26 per cent. 

Moisture applied artificially to infested 
bolls in three environments reduced the 
winter survival in all cases. For a 2-year 
period the average survival in the watered 
and non-watered series was 33.6 and 49.7 
per cent in bolls on standing stalks, 15.5 
and 21.7 per cent in bolls on the soil sur- 
face, and 2.6 and 6.6 per cent in bolls 
buried 1.5 inches. However, the differ- 
ences in survival between the watered and 
non-watered series in each environment 
were not significant. 

According to moth emergence records 
in hibernation cages, the maximum dura- 
tion of the larval diapause in open bolls 
on standing stalks, on the soil surface, 
and buried 1.5 inches was 337, 276, and 
276 days. 

Hibernation-cage tests show that the 
pink bollworm can overwinter under 
natural conditions in the seed pods of 
Pseudabutilon lozani and okra, Hibiscus 
esculentus. 

As a pink bollworm control measure, 
it would therefore seem logical to plow the 
cotton and the okra crop residues under as 
early and as deep as possible. Irrigation 
or heavy winter rainfall will reduce the 
winter survival of the pest. Early planting 
and the use of early maturing varieties of 
cotton will make it possible to destroy the 
crop residue at an early date, thereby 
reducing the overwintering population 
which infests the next crop.—3-21-47. 
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Corton States BRaNcH TO MEET 
IN ATLANTA 


The 1948 meetings of the Cotton States Branch 
of the Association will be held in Atlanta, Georgia, 
on February 4, 5 and 6, 1948, the opening session 
being an informal “get-together” on the evening of 
the fourth. Reservations should be made at an early 
date. Further information may be obtained from 
Dr. John T. Creighton, Secretary, from whom this 
announcement was received. 














Life History and Control of the Webworm, 
Homadaula albizziae' 


Horace V. Westsr, National Park Service, U. S. Department of Interior and 
R. A. St. Grorce, Bureau of Entomology and Plant Quarantine, U.S.D.A. 


Homadaula albizziae Clarke was de- 
scribed by Clarke (1943) as a new species 
of moth, which had caused serious dam- 
age to the foliage and flowers of the silk- 
tree or so-called ornamental “mimosa” 
tree, Albizzia julibrissin Durazzini, in 
Washington and the adjoining commu- 
nities of Silver Spring and Takoma Park, 
Maryland. 

According to Clarke, the moth was dis- 
covered for the first time in Washington 
in August 1940, when some damaged 
“mimosa” leaves were brought to the 
attention of the late L. G. Baumhofer, 
Bureau of Entomology and Plant Quar- 
antine. Mr. Baumhofer reared a series of 
moths from the infested sample and later 
submitted them to Clarke (1) for identifi- 
cation. The origin of the moth is unknown, 
but Clarke (1) considers it obviously 
foreign to the North American fauna, pos- 
sibly belonging to the Indo-Australian 
region. 

This paper reports (a) investigations on 
the life history and control of the mimosa 
webworm (a.n.o.);2 (b) honeylocust, 
Gleditsia triacanthos L., as a new host 
for the moth; (c) its work on “mi- 
mosa”’ and honey locust; and (d) the fur- 
ther extension of its range. 

General Description, Life History, and 
Habits of Homadaula albizziae.—Clarke 
worked out a technical description of the 
adult moth, and Heinrich (Clarke 1943) 
prepared a structural diagnosis of the 
larva and pupa. Clarke also studied some 
of the general features relating to the life 
history of the insect. During the past 3 
years the writers have added considerable 
information to the life history and habits 
of the webworm, particularly with refer- 
ence to the number and occurrence of each 
of the generations. 

The mimosa webworm, like all members 
of the order Lepidoptera, has four stages 
in its life cycle, namely, the adult, egg, 
larva, and pupa. The adult moth has a 


1 Studies relating to the control of this insect were initiated 
independently and about the same time and later when this be- 
came known joint authorship was deemed advisable. 

2 Americano nomina officinale, i.¢., common name accepted by 
the American Association of Economic Entomologists 
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wing expanse of about one-half inch. The 
wings are mouse gray with a silvery luster. 
The forewings are stippled with conspicu- 
ous black spots. The egg is minute, oval, 
and pearl-colored when first laid. Several 
hours after it is laid it assumes a flesh- 
pink color due to the development of the 
larva inside. The mature larva is slightly 
more than one-half inch long. The head 
and body vary in color from pale gray to 
blackish brown, with five white longitud- 
inal stripes on the body. Sometimes the 
dark brown is diffused with rose or pink, 
and occasionally this is broken with white 
patches, giving a mottled effect. The pupa 
is yellowish brown, slightly less than one- 
fourth inch long, and is covered with a 
whitish silken cocoon. 

The first moths are in flight during 
early June, just prior to the appearance 
of the first blooms on the mimosa trees. 
The eggs are usually deposited in consid- 
erable numbers on the flowers of this tree, 
although later in the season many are 
found on the leaves or in the webs spun 
about the leaves of this host and on honey- 
locust as well. The flowering mimosas 
are preferred during oviposition to the 
nonflowering ones, and the sunny portions 
of the crowns are selected in preference to 
the shady parts. However, the eggs are 
found on the nonflowering trees more 
frequently as the season advances and 
the insect becomes more numerous. At 
first the larvae live together in a web spun 
about the flowers and leaves; later they 
separate and most of them move to the 
tender terminal leaves. The webs are con- 
structed principally in the foliage of both 
hosts, in the flowers of mimosa, and to a 
limited extent between green pods of both 
hosts. Each web includes several tunnel- 
like shelters (Figs. 1 and 2) and may be 
occupied by one to a dozen or more larvae. 

The larva feeds mostly within or near 
the nest, its food consisting of the foliage 
and green seed pods of both hosts, in addi- 
tion to the flowers of mimosa. The foliage, 
however, is its principal food. In feeding 
on foliage or seed pods the larva has a 
characteristic habit of eating the green 
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tissue from one side, and leaving the epi- 
dermal cells on the opposite side intact, 
thus making the injured areas membran- 
ous. Leaflets that have been fed upon to 
any extent soon become dry and dead, 
turning a dull gray on mimosa, and an 
intense brown on honeylocusts as if 
scorched by fires. These symptoms often 
become conspicuous by the middle to the 





Fig. 1.—Silktree foliage (left) normal, (right) 
damaged by mimosa webworm, showing presence of 
nests. 


latter part of July. Egg laying continues 
to some extent throughout the season so 
that eggs, and larvae of various sizes, are 
found together most of the time. Under 
laboratory conditions, a single female has 
been observed to lay as many as 69 eggs 
over a period of 4 days and the eggs to 
hatch within 2 to 3 days after being laid. 

When full grown most of the larvae 
descend to the ground on silken threads. 
At times, particularly during the middle 
to late July and the latter half of August, 
these threads become so numerous be- 
neath the heavily infested trees that one 
has the sensation of walking through 
spider webs when passing under the trees. 
After reaching the ground the larvae seek 
shelter where they spin their cocoons. 
Such places consist of cracks and crevices 
present in the ground cover, the bark of 
trees, or beneath the edges of the siding of 
houses. Many of the summer broods, how- 
ever, remain in their webs on the tree and 
pupate there. 

Both the adult moths and the larvae 
are characterized by their surprisingly 
rapid manner of movement when dis- 
turbed. The moths fly about quickly from 
place to place, while the larvae either 
scamper from one part of their web to an- 
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Fic. 2.—Honeylocust foliage (left) normal, (right) 
damaged by mimosa webworm, showing presence of 
nests. 


other, or suddenly drop to the ground on 
threads. 

There are two generations and a par- 
tial third annually in this locality. Adults 
from the overwintering pupae mature 
during early June. The larvae of the first 
generation become mature about the mid- 
dle of July, when they pupate and emerge 
as adults during the third week in the 
month, requiring about 6 weeks to com- 
plete their cycle. Emergence continues 
until early August. The second, or mid- 
summer generation, requires only about 3 
to 4 weeks to complete its cycle. Mature 
larvae of this generation descend to the 
ground to pupate about August 15, and 
adults emerge in numbers during the lat- 
ter part of the month. Eggs are deposited 
on the leaves during late August and early 
September. Although many larvae of this 
third generation become full grown by 
October 1, others live until the early part 
of November, when they are killed by cold 
weather. Pupation of this partial third 
generation begins during the early part of 
October and may continue as late as the 
latter part of the month. There seems to 
be a considerable overlapping of genera- 
tions, as larvae of different instars are in 
evidence most of the season. 

Webbing from the first generation lar- 
vae during June and July is only mildly 
conspicuous, but by the latter part of 
August, when the second generation is 
complete and the webbed masses of skele- 
tonized leaves die, the combined damage 
makes the trees unsightly. By early Sept- 
ember much of the dead foliage has fallen 
to the ground, leaving very few green 
leaves and many long green seed pods, 
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thus giving the trees a sparse appearance. 

During a normal season the period of 
infestation in the vicinity of Washington 
is now known to be approximately be- 
tween June 9 and November 6 on mimosa, 
and a shorter period on honeylocust, for 
the latter drops its foliage about 2 to 3 
weeks earlier than silk tree. 

SitxtreE—The silktree is native to the 
region between Iran and central China. 
It was introduced into North America in 
1745, is now popular as an ornamental 
from coast to coast where the climate is 
not too severe, and is particularly favored 
in the southeastern states. East of the 
Appalachians it is not satisfactorily hardy 
much farther north than Washington, al- 
though the variety Albizzia rosea, hardier 
than the type, is reported to grow success- 
fully on Long Island and on Cape Cod. 

Albizzia, of the family Leguminosae, is 
valuable only as an ornamental. It is not- 
able for its large, attractive, plume-like 
bipinnate leaves, strikingly beautiful balls 
of pink flowers, and conspicuous seed pods. 
The tree attains a height of 15 to 35 feet, 
a fact adding to its value as a lawn tree 
on small properties or in parks where 
space is limited. Most trees grow from 1 to 
3.5 or more feet per season. Some young 
vigorous trees may put out shoots 6 to 10 
feet long. 

Until lately silktree has been consid- 
ered resistant to disease and _ insect 
troubles. However, Hepting (1939) re- 
ported many mimosas in the southeastern 
states killed by a new disease caused by 
Fusarium perniciosum; and in 1940, 
Homadaula albizziae was discovered as a 
new and important pest of Albizzia juli- 
brissin. These recent troubles may make 
mimosa less popular in the future. 

Honey.ocust.—Although honeylocust 
has a natural range from Pennsylvania, 
Southern Ontario, Michigan, Minnesota, 
and South Dakota, south to Mississippi, 
Florida and Texas, it is widely cultivated 
from coast to coast. Like mimosa, it be- 
longs to the Leguminosae, has a com- 
pound pinnatifid leaf, and a conspicuous 
seed pod. 

Honeylocust is highly resistant to dis- 
ease, and, until now, has generally been 
considered very resistant to insects. Ac- 
cording to Forbes (1923), Tlascala reduc- 
tella Walker, a moth belonging to the 
family Phycitidae, webs the foliage of this 
host in September. So far as known this 
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insect is not a serious pest of horieylocust. 
While it may be possible to confuse web- 
bing by this webworm with that of the 
mimosa webworm, the ranges of these 
insects at present are distinct, 7. reduc- 
tella occurring from Connecticut to Ohio, 
and Homadaula albizziae from Maryland 
to North Carolina. Another moth, the 
bagworm, Thyridopteryx ephemeraeformis 
(Haw.), may however, on occasion be 
very destructive to this host. 

On July 9, 1943, the senior author first 
noticed what appeared to be the larva of 
Homadaula albizziae attacking honey- 
locust in Meridian Hill Park, Washington. 
Specimens of larvae submitted to the 
Bureau of Entomology and Plant Quar- 
antine were identified by Carl Heinrich as 
belonging to the above species. This for 
the first time established a native host 
plant for Homadaula albizziae, and sug- 
gested that other plants in this country 
may be found attacked by this pest. 

Homadaula albizziae ON SILKTREE AND 
Honeytocust.—Silktree and honeylocust 
appear to be equally attractive to the 
moth, but honeylocust is subject to great- 
er damage, as during the infestation 
period it does not produce new foliage 
nearly so fast as mimosa, which is a heavy 
producer of foliage throughout the grow- 
ing season, except when the soil is very 
dry. Silktree is thus better able to recover 
from foliage losses. Small honeylocust 
trees appear to be more heavily attacked 
than are large ones. 

ControL Merasures.—Two _insecti- 
cides, arsenate of lead and DDT, have 
been tested sufficiently to determine their 
effectiveness for control of the mimosa 
webworm. Other insecticides are being 
tested currently. The arsenate of lead was 
applied by the senior author, using trees 
located in Washington on grounds ad- 
ministered by the National Capital Parks 
of the National Park Service. Experi- 
ments with DDT were conducted by the 
junior author, employing trees at the 
Agricultural Research Center, Beltsville, 
Maryland, and on private property in 
Washington. 

ARSENATE OF Leap.—Arsenate of 
lead has been the leading stomach insecti- 
cide for control of insect pests on orna- 
mental plants and was selected for a pre- 
liminary test in 1942 and further tested 
in 1943 and 1944, with the object of work- 
ing out a spray schedule against the pest. 
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The spray, in every test, was composed 
of 4 pounds of arsenate of lead, and 1 
quart of summer spray oil per 100 gallons 
of water. This is a standard spray prepara- 
tion for general control of leaf-eating in- 
sects. The oil served as a sticker and 
spreader. The spray was applied as a 
strong, fine mist at about 250 pounds 
pressure. 

ConTROL OF WEBWORM ON SILKTREE, 
1942.—This test comprised 43 mimosa 
trees with trunk diameters ranging from 
3 to 16 inches, and averaging about 6.0 
inches. Thirty-eight of the trees were in a 
single-row planting spaced 40 to 200 feet 
apart in the Calvert Street-Cleveland 
Avenue center parkway, 4 were on private 
property, and 1 was on the White House 
grounds. The trees were in fair to good 
vitality, on sod ground, exposed moder- 
ately well to the sun, and with foliage 50 
to 90 per cent destroyed by heavy infes- 
tations of the webworm. 

The trees in the parkway and on the 
White House grounds were sprayed on 
August 19, while those on private property 
were retained for check observations. Two 
weeks later the sprayed trees were nearly 
free of live larvae, while those not sprayed 
remained heavily infested. 

ConTROL OF WEBWwoRM,1943.—In 1943 
arsenate of lead was more fully tested 
against the moth on mimosa and honey- 
locust. The test was conducted on mimosa. 
throughout the entire season, and on 
honeylocust for only the latter half, as it 
was not until July 9 of that year that this 
species was recognized as a host plant for 
the moth. 

Trees were examined for infestation at 
frequent intervals to determine when it 
seemed most practical to spray. Each 
time the trees were sprayed, data on cur- 
rent infestations were obtained by noting 
the approximate percentage of fresh injury 
or injury caused by the webworm within 
about the past 2 weeks. The percentage 
of infestations, based on the percentage of 
injury, were classified as follows: Trace, 
negligible to 1; light, 2 to 10; moderate, 11 
to 40; heavy, 41 to 70, and severe, 71 to 
100. Data also were taken on the total 
injury observed for the season. 

SILKTREE.—The 1943 test on silktree 
included 24 trees in the Calvert Street- 
Cleveland Avenue parkway, sprayed for 
the pest the previous year, and the 4 un- 
sprayed trees on private property that 
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that had served as their checks. The trees 
in the parkway were sprayed twice; those 
on the private prpoerty were retained as 
controls, The spray was applied first on 
June 22, when trace infestations of the 
moth became noticeable, then again on 
July 19, when further infestations de- 
veloped. The latter application protected 
the trees effectively for the balance of the 
season, as only a single case of trace infes- 
tation developed later. The total percent- 
age of injury to foliage and flowers of 
sprayed trees ranged, respectively, from 0 
to 5 and 0 to 6, while on unsprayed trees 
it ranged from 25 to 37 on foliage, and 10 
to 20 on flowers. 

Most of the new foliage was produced 
soon after rains, but the season was un- 
usually dry, and new infestations became 
established only on new growth that had 
not been sprayed. 

HoneyLocust.—The test on honey- 
locust consisted of 18 trees in good vi- 
tality, measuring approximately 3 inches 
in trunk diameter. They were growing on 
sod ground, well exposed to the sun, and 
within 40 to several hundred feet of each 
other in the vicinity of the K Street 
Bridge, on the Rock Creek parkway. 

Arsenate of lead was applied as a spray 
on 14 of the trees on July 19, while 4 trees, 
centrally located in the planting, were 
retained for check observations. At this 
time 6 of the sprayed trees had trace to 
light infestations, while all the check 
trees were lightly infested. 

The spray material was very effective 
as no further injury was noticeable on the 
sprayed trees for the balance of the 
season. The unsprayed trees, however, 
continued to show foliage injury for the 
remainder of the season, and by October 
16, 65 to 95 per cent of their foliage was 
destroyed. Figure 3 shows nonsprayed 
honeylocust badly defoliated, while a 
similar but sprayed tree appears normal. 
No new foliage developed on sprayed or 
unsprayed trees for the entire test, which 
may be attributable to the dry season. 

Controt in 1944.—Arsenate of lead 
was further tested against Homadaula 
albizziae on mimosa in 1944 in the hope of 
obtaining a more normal season for the 
test than in 1943, and to have an oppor- 
tunity to test it on honeylocust for an 
entire season. 

SILKTREE.—The 1944 test on mimosa 
was made on 28 of the trees on the Cleve- 
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land Avenue parkway, which had been 
sprayed with arsenate of lead in the past 
two seasons. The trees were numbered 
consecutively 1 to 28. Trees numbered 1 to 
12, and 17 to 28 were sprayed on June 15 
and July 22. Those in the first group were 
sprayed a third time on August 30. Trees 
numbered 13 to 16 were approximately 
in the center of the plot and were not 
sprayed. 





Fie. 3.—Honeylocust not sprayed (left) almost 

completely defoliated by mimosa webworm, while 

similar tree (right) sprayed with arsenate of lead, 
shows no apparent injury. 


Trace infestations of the first summer 
generation of the moth were just be- 
coming apparent when the first spray was 
applied on June 15. This application pro- 
vided satisfactory protection up to about 
July 22, when a second spraying was con- 
sidered necessary to control trace to light 
infestations appearing in 16 of the 24 
trees sprayed. All the unsprayed trees at 
this time had light to moderate infes- 
tations. The second spray protected the 
trees reasonably well up to August 30, 
when trace to light infestations were ob- 
served on new growth in 17 of the sprayed 
trees, making it seem that a third spray- 
ing might be necessary to provide ade- 
quate protection for the balance of the 
season. At the same time all the unsprayed 
trees were heavily infested. 

To test the value of a third spray late in 
the season, trees 1 to 12 were sprayed on 
August 30, while trees 17 to 28 served as 
controls. This spray effectively protected 
the trees for the balance of the season, as 
on October 14 only a single trace infes- 
tation was apparent in the trees sprayed, 
while 9 of the 12 sprayed twice bore a 
trace to light infestation on new growth. 
As no further significant damage was done 
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to the trees sprayed twice, except for 3 
that developed light infestations, the third 
spraying may be considered as having 
been of limited value. The 4 trees that 
served as controls for the entire test were 
moderately infested on October 14. The 
total injury to trees sprayed twice varied 
from negligible to 18 per cent for their 
foliage and negligible to 5 per cent for 
their flowers, while those sprayed three 
times had negligible to 10 per cent foliage 
injury, but no flower injury, while the 
controls had 30 to 60 per cent of their 
foliage injured and 10 to 20 per cent of 
their flowers. Foliage injury caused early 
in the season often became concealed by 
later new growth. 

The season of 1944, as in 1943, was dry; 
yet a moderate amount of new foliage 
was produced from time to time, particu- 
larly after rains, and all new infestations 
on sprayed trees appeared to occur only on 
new growth produced after sprayings. 

Honeytocust.—The 1944 test on 
honeylocust comprised the same trees 
that made up a similar test in 1943. Trees 
1 to 13 were sprayed on June 15, when 
trace infestations first became noticeable, 
and again on July 22, when similar infes- 
tations became evident on 4 of the sprayed 
trees. No further injury became noticeable 
on the trees after the second spraying, 
while of the 5 unsprayed trees, 3 became 
moderately infested by August 30, 1 
trace infestation on June 15 failed to de- 
velop any further injury, the infestation 
apparently having died out early in the 
season, and the fifth tree failed to show 
any infestation during the entire season. 
At the end of the season no more than a 
negligible amount of foliage had been 
injured on the sprayed trees, while up to 
49 per cent of the foliage of the unsprayed 
trees was destroyed. Practically no new 
foliage was produced on the trees after the 
middle of July, doubtless due to dry 
weather. 

Tests with DDT.—The principal tests 
conducted by the junior author involved 
the use of DDT for the control of the web- 
worm on mimosa during the years 1944 to 
1946. Much has been written concerning 
the effect of this insecticide on various 
insects, higher animals, and man. Today 
it is common knowledge that DDT is a 
poison which affects the nervous system of 
insects; also that it does act as a stomach 
poison where they feed on sprayed foliage. 
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In the case of the mimosa webworm, the 
spray penetrates the webs sufficiently to 
cause the larvae to become irritated, leave 
their nest, and drop to the ground on 
threads within a short time following 
application. In the case of emulsions, this 
occurs within 5 to 10 minutes, and when 
wettable powders are used as a spray, it 
requires about 2 to 3 times as long. With 
respect to the rate of kill, DDT affects the 
larvae soon after application, while with 
arsenate of lead it takes nearly 2 weeks 
for it to become fully effective. 

During 1944, 28 infested silktrees were 
sprayed with DDT. During 1945 and 1946 
a few additional ones were sprayed to note 
the effect of dosage on insect mortality, 
also to determine the relative toxicity of 
the wettable powders as compared with 
the emulsions. In general the concen- 
trations ranged from 0.5 to 8 pounds of 
technical DDT per 100 gallons of water 
(0.06 to 1 per cent). A hand sprayer of 
3-gallon capacity, developing about 40 
pounds pressure, was used in these experi- 
ments. An extension rod was an aid in 
spraying the tall trees. The spray was 
applied until it was about ready to drip. 
About 3 gallons of spray were required 
for a tree 12 feet tall, with a crown spread 
of 15 feet. 

Xylene emulsions were prepared by 
dissolving 1 part by weight of technical 
DDT in 2 parts by weight of the solvent, 
and adding an emulsifier (7’riton X-100) 
at the rate of 1 part to 20 parts of solvent. 
Following this, a small quantity of water 
was added, and the whole was shaken 
vigorously to form an emulsion which was 
then diluted to the desired concentration. 

The linseed oil emulsions were prepared 
by heating the oil before adding the DDT. 
One part by weight of the latter was 
dissolved in 5 parts by weight of the oil. 

In making the alcoholic aqueous sus- 
pensions, 1 part by weight of DDT was 
dissolved in 70 parts of alcohol. Upon 
mixing this solution with the desired 
quantity of water, the DDT was thrown 
into a fine milky suspension. 

Two commercially prepared wettable 
powders were applied as aqueous suspen- 
sions in 1945 and 1946. They were com- 
posed of 10-and 50-per -cent technical 
DDT in pyrophyllite or Fuller’s earth, 
respectively. In addition they contained a 
wetting agent. 

Of the DDT spray tests 28 were made 
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with emulsions, 4 with alcoholic suspen- 
sions, and 10 with aqueous suspensions. 
In each case the degree of infestation 
present on both the old and the new 
growth at the time of spraying, the 
toxicity of the chemical to the webworms 
directly following application, and the 
extent of protection given to the sprayed 
foliage after 3 to 5 weeks, were recorded. 
The new growth is that which was formed 
subsequent to the application of the spray. 
The attack on this new growth may have 
resulted from a new deposition of moth 
eggs or from larvae moving to it from the 
older infestations where the chemical was 
not sufficiently toxic to kill them. 

The silktrees used in these tests ranged 
in height from 6 to 18 feet, and averaged 
13 feet. Their crown spread was about the 
same. Of the 41 trees sprayed with DDT 
only 22 per cent had infestations classified 
as light to trace at the time of application 
of the chemical. The remainder were mod- 
erately to severely attacked. The different 
degrees of infestation were fairly well 
represented in the groups of trees sprayed 
with the different formulations. All DDT 
sprays applied gave good initial control, 
with the exception of those concentrations 
that contained less than 0.125 per cent of 
actual DDT. The latter concentration 
also gave only moderate residual protec- 
tion. 

Dosages of 0.25 per cent permitted 
trace to light infestations on the sprayed 
foliage after a period of 3 to 5 weeks. 
Sprays containing 0.5 to 2 per cent of 
DDT gave good residual protection to the 
foliage. The suspensions appeared to be 
about as toxic as the emulsions, but had a 
slower initial action. The main exception 
was the alcohol suspensions which gave 
rather poor control. This was due in part 
to the spray not being applied until the 
day following its formulation, by which 
time the DDT had begun to settle and to 
adhere as a deposit on the sides and bot- 
tom of the container. It also formed a 
hard coating on the inside of the spraying 
apparatus and made application difficult. 
The actual concentration of DDT in the 
spray is thus unknown, but was un- 
doubtedly considerably below that in- 
tended. Subsequently it was found that 
the addition of a small amount of emulsi- 
fier to the suspension would prevent set- 
tling and this clogging of the sprayer. 

It is rather difficult to determine which 
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concentrations gave the greatest residual 
effect. It is apparent, however, that appli- 
cations of DDT at the rate of 4 pounds 
per 100 gallons of water (0.5 per cent) 
gave protection at least equivalent to that 
obtained from similar concentrations of 
arsenate of lead; also that the trees 
should be sprayed every 4 to 5 weeks to 
protect the foliage from infestation. 

Suitable unsprayed check trees were 
used throughout these tests. Their infes- 
tations varied from light to severe and 
corresponded with the sprayed trees. In 
each case the infestations in the unsprayed 
trees increased in intensity as the season 
progressed and remained active until 
freezing weather. 

SPREAD from 1940 to 1946.—From 1940 
to 1946 Homaduala albizziae has gradu- 
ally spread in all directions from Wash- 
ington. In 1942 Clarke (1943) reported 
the moth had spread to the northwest 
limits of Washington. In 1943 the writers 
found it in the nearby communities of 
Arlington and McLean, Virginia, and Col- 
lege Park, Maryland, all within 9 miles of 
Washington, producing light to heavy 
infestations on both host plants. In 1944 
the moth was observed still more wide- 
spread and quite general within 15 miles 
of Washington in nearly every direction. 
Moderate and trace infestations, respec- 
tively, were found on honeylocust at 
Glymont and Indian Head, Maryland, 20 
miles southeast of Washington, and on 
silktree at Fishing Creek, Maryland, 53 
miles southeast of Washington. It was 
also found at Alexandria and Fort 
Belvoir, Virginia, 13 and 23 miles, re- 
spectively, south of Washington. During 
1945 a heavy infestation on silktree was 
reported from Richmond, Virginia, 105 
miles south of Washington and specimens 
submitted by G. T. French, State ento- 
mologist, verified this. During 1946 the 
webworm was found to have extended its 
range some 50 to 65 miles north, north- 
east, and northwest of Washington, being 
found at Gibson Island and Glen Burnie 
nlong Chesapeake Bay, above Towson, 
and at Hagerstown, Maryland. It is sus- 
pected that the mimosa webworm now 
may be, or soon will be, quite well dis- 
tributed throughout Virginia, Maryland 
and North Carolina, and may extend its 
range to New England on honeylocust, 
and to the Gulf of Mexico on mimosa. 

Discussion.—The tests show that the 
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mimosa webworm may be readily con- 
trolled by spray applications of either 
arsenate of lead or DDT. Unfortunately 
the 1943 and 1944 seasons were abnor- 
mally dry, which makes it necessary to 
discount somewhat the foregoing results 
reported for arsenate of lead. More wash- 
off of spray material and more growth of 
new foliage after sprayings could be ex- 
pected in a normal season. As two spray 
applications of arsenate of lead on silktree 
and one application on honeylocust, how- 
ever, proved effective against the pest in 
1943, as well as two sprayings on both 
hosts in 1944 (although a third application 
on silktree was of some additional bene- 
fit), it seems that two to three applica- 
tions on silktree and one to two on honey- 
locust probably would protect the trees 
amply under virtually all conditions. The 
same conclusions hold for DDT. Honey- 
locust does not seem to require so many 
sprayings as silktree, because it produces 
less new foliage during the summer 
months. For the Washington area, it is 
recommended that the first spraying be 
applied as soon as the webworm is de- 
tected, which normally is during the early 
part of June. Second and third sprayings 
should be applied at intervals of about 
4 to 5 weeks, as conditions indicate. 

DDT in dosages as low as 1 pound of 
the technical material per 100 gallons of 
water gives immediate protection to the 
infested trees. For residual effect a con- 
centration of 4 pounds per 100 gallons 
(equivalent to that used for arsenate of 
lead) seems necessary on the basis of 
present information. About 2 weeks are 
required for the arsenate of lead to be- 
come fully effective against the larvae. 

Infestations apparently may vary con- 
siderably from year to year in a locatity. 
For example, in 1942 the webworm was 
very destructive to unsprayed silktrees on 
the Calvert Street-Cleveland Avenue 
parkway and on the adjoining private 
property in Washington, D. C.; but in 
1943 and 1944 the same trees were not 
injured nearly so much as in 1942. Like- 
wise, honeylocust trees not sprayed in 
1943 had 65 to 95 per cent of their foliage 
destroyed by the webworm, but in 1944 
the same trees had 0 to 49 per cent of 
their foliage destroyed. 

At the rate the moth is spreading from 
Washington, it probably will not be many 
years before it is generally distributed 
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throughout the eastern United States. 
SummMary.—Honeylocust is reported 
as a new host plant for the mimosa web- 
worm. Injury by the mimosa webworm on 
silktree and honeylocust is described. 
Spray tests on silktree from 1942 to 1946, 
and on honeylocust in 1943 and 1944, 
showed that 4 pounds of arsenate of lead 
plus 1 quart of summer spray oil per 100 
gallons of water was very effective in con- 
trolling the webworm. Similar control was 
obtained with DDT. Applications at the 
rate of 1 pound of technical DDT per 100 
gallons of water gave immediate protec- 
tion, but a concentration equivalent to 
that of arsenate of lead was necessary 
for residual effect. The time for spraying 
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and the number of sprays to apply are 
indicated. 

Observations have indicated a fairly 
rapid spread of the moth from Washing- 
ton, D. C., where it was first discovered 
in 1940. In 1944 it had extended its range 
to Fishing Creek, Maryland, 53 miles 
southeast of the city. By 1945 it had 
reached Richmond, Virginia, 105 miles 
south of Washington, and by 1946 it was 
found at Towson and Hagerstown, Mary- 
land, 55 to 65 miles north and northwest 
of the city respectively. Its spread over 
the eastern United States is anticipated.' 


1In August, 1947, the insect was found in Kinston, N. C. 
and Atlanta, Ga., the latter being 656 miles south of Washing- 
ton. 
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A Test for Synergism Between DDT and 
Nicotine-Bentonite in Dusts 


NrEeE.y Turner, Conn. Agr. Expt. Sta., New Hoven and D. H. Saunprrs, Eastern 
Regional Research Laboratory, U.S.D.A., Wyndmoor, Pa. 


Synergism has been defined by Macht 
(1929) as “the phenomenon exhibited by 
the combination of two or more drugs in 
which the pharmaco-dynamic effect pro- 
duced by the mixture is not a simple sum- 
mation of the effects produced by the 
two or more individual components.” 
Horsfall (1945) has discussed synergism 
and antagonism fully and has reviewed 
methods of studying the phenomenon and 
measuring its magnitude. He suggests the 
use of mixtures of the chemicals in vari- 
ous proportions, a system used by Le 
Pelley & Sullivan (1936) and expanded 
by Dimond & Horsfall (1944). 

Interest in the possibility of synergism 
between nicotine and DDT led to a study 
of the two materials applied as dusts to 
control the European corn borer, Py- 
rausta nubilalis Hubn., (Woodward e¢ al. 
1946), 

Mareriats.—The dust samples were 
prepared by the Eastern Regional Re- 
search Laboratory from technical DDT 


and commercial Black Leaf 155 (13.8 per 
cent nicotine by analysis) used as the 
source of nicotine bentonite. Pyrar ABB 
was used as the pyrophyllite diluent. 

Samples 1 through 4 were prepared by 
mixing the pyrophyllite and the amount 
of nicotine bentonite required to give the 
desired nicotine content in the dust mix- 
ture and ball milling for a period of 30 
minutes. 

In the case of samples 5 through 8 the 
required amount of DDT was dissolved in 
acetone and mixed with pyrophyllite 
using sufficient solvent for thorough 
moistening. The mixture was freed of all 
solvent by drying in air at room tempera- 
ture. It was then ball milled for a period 
of 30 minutes. 

Samples 9 through 20 containing both 
fixed nicotine and DDT were prepared 
by solvent depositing the DDT on pyro- 
phyllite as in samples 5 through 8 and 
mixing the dried product with the re- 
quired amount of nicotine bentonite in 
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the ball mill for a period of 30 minutes. 
All of the above 20 samples were dustable 
and hence were not sieved. 

Samples 21 and 22 were prepared by the 
method used for samples 5 through 8 ex- 
cept that Volclay bentonite was used as 
the diluent and it was necessary to pow- 
der the mixture by a painful process of 


Table 1.—Control of European corn borer us- 
ing nicotine bentonite dusts, DDT dusts and 
mixtures of the two. 











Per Repvuc- 
Ma- CENT Prer TION 
TERIAL Nico- CENT No. IN 
No. TINE DDT Larvae LarvaE 
1 1.0 0.0 65 39.8% 
2 2.0 0.0 60 44.4 
3 4.0 0.0 36 66.7 
4 8.0 0.0 31 71.3 
5 0.0 1.0 32 70.4 
6 0.0 2.0 5 95.4 
7 0.0 4.0 18 83.3 
8 0.0 8.0 3 97.2 
9 .75 .25 46 57.4 
10 1.5 5 29 73.1 
11 3.0 1.0 24 77.8 
12 6.0 2.0 12 88.9 
18 5 6 30 72.2 
14 1.0 1.0 33 69.4 
15 2.0 2.0 26 75.9 
16 4.0 4.0 15 86.1 
17 .25 .75 36 66.7 
18 6 1.5 39 63.9 
19 1.0 3.0 12 88.9 
20 2.0 6.0 15 86.1 
Qi 0.0 4.0 9 91.7 
22 0.0 8.0 16 85.2 
23 None None 113 - 
24 None None 102 ~~ 
Mean of 23 and 24 108 





grinding with a mortar and pestle. The 
product was screened through an eighty 
mesh screen which was as fine a dust as 
conveniently was feasible. Ball milling 
was not possible due to agglomeration of 
the material in the mill. These last two 
dusts were heavier and had poorer dusta- 
bility as compared with previous samples. 

Metuops.—Lincoln sweet corn was 
planted June 19 for infestation by the 
second generation of the European corn 
borer. Plots were two rows wide and ten 
feet long, and were randomized in three 
blocks, with two untreated checks in 
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Fie. 1.—Dosage-response curves based on DDT 

content only. (a) DDT only, (b) equal parts DDT 

and nicotine, (c) 8 parts DDT and 1 part nicotine 
and (d) 1 part DDT and 8 parts nicotine. 


each block. The corn was in the early 
green tassel stage when the first treat- 
ment was applied on August 8. A. small 
hand duster was used, with application to 
the tassels only. Further treatments were 
applied on August 15, 20 and 26 to the 
developing ear shoots. The infestation 
following treatment was determined by 
dissecting ten stalks taken at random 
from each plot. Dissections were made 
early in September when the corn was in 
the roasting-ear stage. 

Resvuutts.—A summary of the results 
of the dissection is given in table 1. As is 
usually the case when the infestation of 
corn borers is light, there was great vari- 
ation in the results. However, since four 
concentrations of each mixture were used, 
reasonably satisfactory dosage-response 
curves can be drawn. Curves based on 
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Fic. 2.—Dosage response curves based on total per- 

centages of DDT and nicotine. (a) DDT alone, (b) 1 

part nicotine and 3 parts DDT, (c) equal parts nico- 

tine and DDT, (d) 3 parts nicotine and 1 part DDT 
and (e) nicotine alone. 
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the total percentage of toxicant are 
shown in figure 1. It is evident that nico- 
tine-bentonite was much less effective 
than DDT. It is also evident that the 
mixtures were intermediate in toxicity. 
However, their position is obviously not 
determined entirely by the proportion of 
either toxicant. The curve for the 25 per 
cent DDT and 75 per cent nicotine mix- 
ture was displaced to the left in relation 
to the other mixtures—it was more toxic 
than its composition indicated. 

Since DDT was the more toxic material, 
curves were drawn on the basis of DDT 
content only (Fig. 2). In spite of the 
heterogeneity, it is evident that some of 
the mixtures were less toxic than would be 
expected from the DDT content alone. 
These were all concentrations of the 75 
per cent DDT-25 per cent nicotine, and 
three of the four concentrations of the 
50 per cent DDT-50 per cent nicotine 
mixture. Obviously the nicotine was ac- 
tually antagonistic to the DDT. The 25 
per cent DDT-75 per cent nicotine mix- 
ture was consistently more toxic than 
would be expected on the basis of the 
DDT alone. It was the only combination 
that showed any evidence for synergism. 


Table 2.—Calculation of data in the test for 
synergism as suggested by Wadley (1945). 











Per MortaLity 
Ma- CENT Per DDT ——————_- 

TERIAL Nico- Cernt Eaquviv- Ob- Calecu- Syner- 
No. TINE DDT atent __ served lated gism 
9 75 25 .33 58 56 + 
10 1.5 -5 . 66 71 69 + 
ll 3.0 1.0 1.32 82 81 + 
12 6.0 2.0 2.64 90 89 + 
18 6 5 55 68 66 + 
14 1.0 1.0 1.11 74 78 _ 
15 2.0 2.0 2.21 80 87 - 
16 4.0 4.0 4.43 86 93 - 
17 25 .75 .78 60 73 ~ 
18 5 1.5 1.55 74 83 _ 
19 1.0 3.0 3.11 85 91 _ 
20 2.0 6.0 6.21 92 95 - 





DDT equivalent at L.D. 50=.111 
L.D. 90 = . 102 
Mean value = . 107 


The data have been examined by the 
method of Wadley (1945). If it is assumed 
that the curves for DDT alone and for 
nicotine bentonite are parallel, the nico- 
tine equivalents can be calculated and 
compared with the observed values. 
Since the equivalent value is determined 
from the curves, it is logical to interpolate 
the “observed” values from figure 1 rather 
than to use the mortalities in table 1. 
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Results of the calculation are given in 
table 2, and show a slightly higher ob- 
served than calculated value in all con- 
centrations of the three parts nicotine and 
one part DDT mixture and in the lowest 
concentration of the 2-2 mixture. These 
differences are not significant statistically. 
Horsfall (1945) has described a graphic 
method of examining data for synergism. 
He has suggested that the points for the 
two ingredients used alone be connected 
by a straight line, and that the values as 
observed be plotted and connected. Any 
bulge above the “expected” straight line 
may represent synergism. The data have 
been so plotted in figure 3, using mortali- 
ties interpolated from the curves in figure 
1. Observed values greater than expected 
occurred in the same materials that 
showed the same relationship according to 
Wadley’s ‘method. Again, however, the 
differences are relatively slight. 
Following the method of Dimond & 
Horsfall (1944), the dosage required to 
kill 80 per cent of the corn borers has been 
determined from the curves in figure 1. 
The calculations show (Table 3) that as 
the proportion of nicotine was increased, 


Table 3.—Concentrations of DDT and nicotine 
alone and in mixtures required for equal control. 








PROPORTION OF CONCENTRATION REQUIRED 








INGREDIENTS FoR 80% ConTROL 
Nico- Nico- 
DDT tine Total DDT tine 
100 0 1.4 1.4 0 
75 25 2.8 2.1 Rie | 
50 50 3.5 1.75 1.75 
25 75 4.0 1.0 3.0 
0 100 13.0 0 13.0 





the total percentage of nicotine and DDT 
required was also increased. Only the 
mixture of one part DDT and three parts 
nicotine required less DDT than DDT 
used alone. In this mixture the three per 
cent of nicotine replaced only .4 per cent 
of DDT as determined by the difference 
between the 1 per cent of DDT used and 
the 1.4 per cent necessary to control 80 
per cent when no nicotine was added. 
Discussion.—It is obvious that an- 
tagonism occurred between nicotine and 
DDT when mixed in certain proportions. 
While synergism may have occurred in 
other mixtures, it was too small to be 
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measured by this test. Both of the graphi- 
cal methods showed evidences of syner- 
gism of identical mixtures. Horsfall’s 
(1945) method assumes that combinations 
of the two materials will fit a straight 
line drawn between the points plotted for 
the two chemicals used alone if neither 
synergism nor antagonism occur. This is 
certainly correct if the dosage-response 
curves of the mixtures of the two materials 
are parallel. Wadley’s method assumes 
that all of the curves are parallel. In the 
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Fic. 3.—Test for synergism by the method of 
Horsfal! (1945). Broken lines show the “‘expected” 
mortality and solid lines the observed mortality. 


case of the DDT-nicotine mixtures the 
curves appear to have different slopes, 
but the heterogeneity is too great for 
statistical proof. 

y It is certainly probable that one of the 
evidences of synergism may be a change 
in slope of the dosage-response curves. It 
also seems possible that combination of 
two materials which have non-parallel 
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dosage-response curves might produce a 
change in slope, whether or not synergism 
occurred. 

The data give no clue as to the reasons 
for the antagonism noted. The two dusts 
containing only DDT and a bentonite 
diluent performed about as well as the 
DDT-pryophyllite dusts. The DDT-ben- 
tonite dusts had very poor physical proper- 
ties for dusting and could not be applied 
uniformly with the equipment used. 
Certainly the relatively smaller quantities 
of bentonite in the dusts containing 
nicotine-bentonite should not be respon- 
sible for the antagonism. Furthermore, 
the one series which was not antagonistic 
contained the largest proportion of nico- 
tine-bentonite. 

The lack of evidence of synergism found 
in some mixtures of DDT and nicotine- 
bentonite dusts in these tests should not 
be interpreted to mean that no synergism 
may occur between other forms of nico- 
tine and DDT used in different ways, as 
shown by Woodward et al. (1946). 

Summary.—The possibility of syner- 
gism between DDT and nicotine-bento- 
nite in dusts was studied using the Euro- 
pean corn borer as the test insect. The 
method used was application of the two 
materials together with mixtures in 3 to 
1, 2 to 2 and 1 to 8 ratios. 

Mixtures of three parts DDT and one 
part nicotine showed some evidences of 
antagonism, as did three of the four con- 
centrations of the 2-2 mixture. 

One concentration of 2-2 mixture and 
all of one part DDT and three parts 
nicotine showed slight evidences of syner- 
gism not statistically significant by the 
graphic methods of Horsfall and of Wad- 
ley. The increased mortality observed was 
too small in terms of material required to 
control the European corn borer to merit 
further study.—2-10-47. 
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Effectiveness of Acaricides in DDT-Sprayed 
Apple Orchards 


C. R. Currigut and Rosert Sutrton,! Wooster, Ohio 


At present the chief problem incident 
to the use of DDT in apple orchards is 
that of increased populations of the 
European red mite. Severe injury by this 
pest developed concurrent with the first 
experimental use of DDT on apples and 
seems to become worse as DDT is used 
year after year. It is generally agreed that 
this is due largely to the high mortality 
of mite predators caused by DDT, while 
the mites themselves are not affected. 

In attempts to solve this problem, ex- 
periments based on the following ap- 
proaches were carried out in apple or- 
chards located at Wooster, Lorain, and 
Waterville, Ohio. 

1. Applications of acaricides or ovicides made 
prior to the use of DDT. The object of this is 
to reduce the mite population to such an ex- 
tent that substantial recovery is very much 
delayed during the remainder of the season. 

. The addition of acaricides to DDT applications 
for the purpose of inhibiting the growth of mite 
populations. 

. The use of miticides to reduce mite populations 
which have reached injurious numbers. 


ACARICIDES BEFORE DDT.—The use 
of oil in the dormant or delayed dormant 
sprays is an example of the first approach. 
This has been the recommended method 
of red mite control in Ohio for many years 
and if it is followed with a schedule of 
lead arsenate and sulfur sprays, red mite 
rarely becomes abundant until late July 
or August. However, mites frequently 
build up rapidly at the end of the season, 
which results in a heavy deposition of 
over-wintering eggs. The rate at which 
mite populations increase in late season is 
influenced greatly by factors such as 
abundance of over-wintered eggs, thor- 
oughness of application of the oil sprays, 
and seasonal conditions. When DDT is 
used instead of lead arsenate in the spray 
schedule, the period of comparative 
freedom from mite injury tends to be 
Experiment Station and Hebert Sutton, Entomologise EI: du 
Pont de Nemours and Co., Inc. ‘ y : 

The work reported in this paper was done in cooperation with 
E. I. du Pont de Nemours and Co., ine. Special funds and ma- 


terials for this study were also contributed to the Ohio Station 
by the Dow Chemical Co,; Ni a Sprayer and Chemical Div.; 
Food Machinery Corp.; General Chemical Co.; California Spray- 
Chemical Corp.; U. S. Rubber Co.; B. G. Pratt Co.; and 
Sherwin-Williams Co. 
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shortened, although under certain con- 
ditions complete protection for the sea- 
son has been obtained. 

Another examples is the use of oil in 
the calyx and in early cover sprays where 
it is combined with a fungicide, such as 
Fermate. Dormant oil may or may not 
have been used. In figures 1A and 1B are 
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Fia. 1.—Seasonal populations of European red mite 


as affected by oil sprays applied in the dormant 
period and in the calyx and early cover sprays. 


shown seasonal mite infestations as in- 
fluenced by DDT spray schedules with 
and without the dormant oil spray; and 
also the results obtained with oil sprays in 
the calyx and early covers. In 1945 this 
latter schedule was followed by lead arse- 
nate, while in 1946 DDT was used and 
apparently caused some increase in mites. 
These data were taken from single-tree 
replicated plots where migration tends to 
shorten the period of protection. 

Prior to the 1946 spray season, all Ohio 
growers who planned to use DDT were 
advised to apply oil in the late dormant 
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or delayed dormant periods and in 
practically all cases this was done. Before 
the close of the 1946 growing season, over 
20 of these orchards were inspected and 
records taken. Eight orchards developed 
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Fie. 2.—Effect of acaricides used in combination 


with DDT for the control of European red mite. No 
dormant oil spray was applied. 


no mite problem, while all others de- 
veloped infestations ranging in character 
from moderate to very severe. All eight 
that escaped had taken special care in 
applying the oil spray and the entire 
orchard had been covered. Five of the 
eight used Speed Sprayers in applying the 
oil, and others had at least one man 
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spraying from the ground. Of those who 
failed to control, several used brooms, 
and sprayed from a tower, or at least 
from the top of the tank. In other in- 
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Fic. 3.—Effect of acaricides used in combination 
with DDT for the control of European red mite fol- 
lowing a dormant oil spray. 


stances, insufficient volume or careless 
application seemed to be the cause of the 
failure. Two growers used DDT without 
having applied a dormant oil. The or- 
chards of both were severely damaged by 
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tremendous mite populations which de- 
veloped as early as July first. 

ArcaricipEs Usep wity DDT.—Com- 
binations of acaricides with DDT have 
received much attention in the past 2 
years. Such combinations, applied in three 
to six cover sprays, are employed to pre- 
vent the mites from reaching damaging 
populations during the season. 

The summer oil sprays have been 
recognized for many years as having 
acaricidal values. Therefore, one of the 
first schedules was to combine oil with 
DDT. Work with this combination, or 
slight variations thereof, has been. con- 
ducted in both 1945 and 1946. Excellent 
control of codling moth and good control 
of mites have been obtained. These re- 
sults, presented in seasonal population 
curves, in terms of mites per leaf, are 
shown in figures 3B, 5A and 6A. How- 
ever, several objections to the use of this 
combination, or its variations, have 
arisen. In the first place, the application 
of the oil prohibits the use of sulfur 
fungicides in that spray and also for at 
least two, and preferably three, weeks be- 
fore and after. In some areas, sulfur is 
almost essential and the inability to use it 
is a decided disadvantage. Second, oil is 
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Fig. 4.—Effect on European red mite populations 

of spray schedules designed primarily for the control 

of codling moth. These schedules were preceded by 
a dormant oil spray. 


one of the best stickers and if used in 
several cover sprays will cause a heavy 
visible spray residue with resulting spot- 
ting and poor finish of the fruit. Dull fruit 
color, together with an unnatural yellow- 
ish-green undercolor are frequently noted. 
Third, and last, is the factor of injury. 
In many of our DDT-oil plots, serious 
foliage injury has resulted. This usually 
appeared first as yellowish-green areas in 
the leaves, followed by browning, and 
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finally by defoliation of varying degrees. 
Also, if oil is applied where the foliage has 
been severely injured by mites, additional 
defoliation may occur. It is doubtful if 
straight combinations of DDT and oil 
can ever be widely used. Some variations 
of this combination, however, are more 
promising. For example, when preceded 
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Fig. 5.—Effect on European red mite populations 

of spray schedules designed primarily for the control 

of codling moth. These schedules were preceded by a 
dormant oil spray. 


by two covers of DDT, the formula of 
DDT (4 ounces actual) plus nicotine 
sulfate 8 ounces, plus summer oil 2 quarts, 
and Mississippi bentonite 4 pounds, to 
100 gallons of water has given excellent 
control of both codling moth and mites 
(Fig. 4 and 5A) with no foliage injury 
and only slight dulling of fruit color. This 
formula has been used for two seasons in 
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several orchards, and has been applied 
from three to four times during the latter 
part of the season. If the disease factor 
and dull color of fruit are not important, 
this formula can be recommended as a so- 
lution to both the codling moth and mite 
problems. 

Many materials with acaricidal proper- 
ties have their effectiveness greatly en- 
hanced when combined with oil. Among 
these we find hydroxypentamethylflavan 
(flavan), rotenone, methoxy analog of 
DDT (methoxy), and others. Result of 
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Fic. 6.—Kffectiveness af acaricides used in late 
season against heavy populations of European red 
mite. 


trials of such combinations are shown in 
figures 2B, 3A, 3B, 5A and 6A. In general 
less oil can be used in combinations with 
these materials than when it is used with 
DDT. Two quarts is a_ satisfactory 
amount, but trials with 1 quart and 0.33 
gallon have usually not given good results. 
Such combinations are subject to the ob- 
jections that pertain to DDT-oil, al- 
though the bad effects are not so pro- 
nounced due to the smaller quantities of 
oil involved. There are some situations in 
which such sprays can be used to advan- 
tage, but their field is limited. An ef- 
fective acaricide that can be used without 
oil is highly desirable, but at present the 
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most effective combinations against red 
mite are those where the acaricide is used 
with oil. 

Practically all materials with acaricidal 
properties can be combined safely with 
DDT and these, of course, vary greatly 
in effectiveness. For example, various 
sulfurs plus DDT may give from 20 to 
60 per cent kill of European red mite 
when used under different conditions. If 
temperatures are high the maximum 
mortality may be reached, but even the 
maximum in this case is far from a practi- 
cal control. 

During the 1946 season rather exten- 
sive tests were conducted, using practi- 
cally all known acarcides in combination 
with DDT. The results obtained with the 
different acarcides are summarized briefly 
as follows: 

Flavan' wettable powder used at 1 
pound actual flavan per 100 gallons in 
combination with DDT reduced mite 
populations but not to the point where 
damage was averted. In general, the foli- 
age on flavan-sprayed trees was bronzed, 
some defoliation occurred and fruit-size 
and color were unfavorably affected. As 
previously noted, Flavan powder in combi- 
nation with oil was much more efficient. 
Flavan miscible oil formulations were 
even more effective (Fig. 2B, 3A, and 6A). 

Xanthone? was in two tests. 
When used at 2 pounds pe. 100 gallons in 
a preventive schedule of five spray appli- 
cations, an overall control of approxi- 
mately 70 per cent was obtained. This 
prevented serious mite damage to foli- 
age, and fruit color and finish were good. 
When used in a corrective schedule of two 
applications at the same dosage. Xan- 
thone did not give commercial control 
(Fig. 6B). Hexchlorocyclohexane at 1.5 
pounds per 100 gallons (6 per cent gamma 
isomer) was ineffective against mites 
(Fig. 4). 

Rotenone in the commercial formula- 
tion Neurote* was used with DDT in a 
schedule of five spray applications at a 
strength of 0.33 pint per 100 gallons. The 
results indicate that this concentration 
was too low, as less than 30 per cent actual 
control was indicated. However, the 
foliage seemed to recover toward the end 
of the season and fruit finish was good. 
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1 Du Pont Co., 1946. 
2 General Chemical Co., 1946. 
3 Niagara Sprayer and Chemical Co. 
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Ground cube root carrying 5.5 per cent 
rotenone was also used in a corrective 
schedule of two applications. Four pounds 
of cube plus 1 quart of summer oil per 
100 gallons was fairly effective (Fig. 6A). 

A very promising material was DMC 
25 per cent.‘ This was used at the rate of 1 
pint per 100 gallons in a spray schedule of 
two applications. Good mite control was 
obtained with no adverse effect on foliage 
or fruit (Fig. 6B). 

Hexaethy] tetraphosphate was received 
too late in the season for field evaluation, 
but in limited tests it gave promise of 
future usefulness. 

To date the dinitro compounds in com- 
bination with DDT have shown the most 
promise for practical summer use against 
the European red mite. These materials 
are not perfect, having the characteristic 
of rather erratic performance against the 
mites and also in their effect on fruit and 
foliage. Weak trees in particular may re- 
spond unfavorably to applications of 
dinitro compounds. However, in overall 
performance they are the best of the 
acaricides. DN-111' is widely used and 
with intelligent and thorough application 
will give good results in both preventive 
and corrective schedules (Fig. 2C and 
8C). A dormant dinitro powder, Dry 
Mix No. 1,‘ used at 6 ounces per 100 
gallons, has also given good results. 
However, this material needs more iest- 
ing before it can be generally recom- 
mended (Fig. 2C, 3C and 6B). 

RepucTION OF DaMaGING Mite Porv- 
LATIONS.—The third approach to the mite 
problem is the use of acaricides alone or 


4 Sherwin-Williams Co., 1946. 


with DDT against populations of red mite 
that had reached or were approaching the 
danger point. Such corrective action usu- 
ally requires at least two sprays, as in al- 
most every instance one application was 
ineffective in preventing damage. In 
general, the corrective schedules were not 
as effective as the preventive, but the 
results, as shown in figures 6A and 6B 
were encouraging, especially when we 
consider that mite populations as high as 
25 per leaf were already established when 
these schedules were started. 

A combination of at least two of the 
three methods is at present the most 
practical means of assuring mite control. 
Summer spray schedules of either a pre- 
ventive or a corrective nature were both 
far more successful when preceded by 
dormant oil applications than where no 
early oil sprays were used. 

Summary.—The present status of mite 
control in DDT-sprayed orchards may be 
summarized as follows: 

1. Applications of dormant spray oil 
are absolutely necessary. 

2. Summer spray oils are very effective 
against mites but are objectionable be- 
cause of foliage and fruit injuries and 
difficulties with fungicide combinations. 

3. The dinitro compounds are at pres- 
ent the most satisfactory acaricides for 
summer use. 

4. The present available acaricides are 
not entirely satisfactory and new chemical 
materials and methods of effective appli- 
cations need to be developed. 

5. A summer acaricide having ovicidal 
and residual properties is especially 
needed.—1-23-47 
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JouRNAL oF Economic Entomo.ocy, Vol. 40, 
No. 2, April 1947, Control of Grape Leafhopper, by 
James A. Cox. Page 195, column 2, in list of mate- 
rials, fifth line below Fig. 1, the statement “...a 
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Determining the Repellency of Solid Chemicals 
to Mosquitoes’ 


J. P. Linpuska and F. A. Morton, U.S.D.A., Agr. Res. Adm., 
Bureau of Entomology and Plant Quarantine* 


Considerable attention has been given 
to the development of mosquito repel- 
lents at the Orlando, Fla., laboratory of 
the Bureau of Entomology and Plant 
Quarantine (Travis & Morton 1947; 
Travis et al. 1946). Because it is difficult 
to apply and retain solid chemicals on 
the skin surface, previous work on repel- 
lents has been concerned chiefly with tests 
of liquid materials. Various character- 
istics of most solid chemicals, principally 
their lower vapor pressure and lower rate 
of absorption by the skin, appeared to 
make them a fertile field for study as 
possible repellents. In 1944 provisions 
were made and methods were developed 
for wide-scale evaluation of the repellent 
properties of solid organic chemicals. 
Although the procedures used were de- 
veloped for tests with mosquitoes, they 
are also applicable to other blood-sucking 
insects such as stable flies. 

ScreEENING Test Metuop.—In the ini- 
tial tests of solid chemicals, measured cloth 
patches were impregnated with a uniform 
amount of the material and suspended in 
cages containing mosquitoes together 
with untreated cloths of identical size. 
The mosquitoes were then driven to 
flight, and after a time period those that 
had settled on the cloths were counted. 
Repellency was measured in per cent re- 
duction of the numbers on the treated as 
compared with the untreated cloths. The 
results were extremely erratic, and it was 
obvious that a valid measurement of 
repellency could be obtained only when 
the treated fabric was in contact with the 
body surface. The method described be- 
low was found to be adequate for screening 
test purposes. 

Two grams of a chemical, prepared as a 
10-per cent solution in acetone or an 
alternate solvent, was impregnated in 
women’s mercerized cotton hose over a 


1 This work was conducted under a transfer of funds, recom- 
mended by the Committee on Medical Research, from the Office 
of Scientific Research and Development to the Bureau of 
Entomology and Plant Quarantine. 

? Acknowledgment is made of the suggestions and assistance 
given by E. F. Knipling, in charge of the Orlando, Fla., labora- 
tory at the time this work was done. 


measured area conforming to the distance 
between the wrist and the elbow when 
the stocking was placed on the arm. The 
area treated was about 0.6 square foot 
and the rate of application about 3.3 
grams of chemical per square foot. Since 
this impregnation rate saturated the 
fabric, it was found convenient to fold 
the measured and marked portion of the 
cloth several times, and by pouring or 
dipping absorb the solution. Acetone 
solutions were distributed rapidly and 
evenly throughout the fabric, and evapo- 
ration of the solvent was quickly ac- 
complished by suspending the treated 
stockings horizontally over a wooden 
frame having an opening somewhat wider 
than the treated section of the cloth. The 
stocking material was permeable to biting 
by mosquitoes and of sufficient elasticity 
to fit the arm snugly even after frequent 
placements on the arm. 

Separate cages containing several thou- 
sand avid mosquitoes of the species 
Aédes aegypti (L.) and Anopheles quadri- 
maculatus Say were used for these tests. 
The insects were held in a room main- 
tained at a constant temperature of 80° F. 
and a relative humidity of 80 per cent. 
The biting rate for A. aegypti was generally 
such that 50 to 75 bites were received on a 
bare untreated forearm in a 30-second 
exposure. For A. quadrimaculatus the rate 

was lower—about 25 bites for the same 
interval. 

The sickiuaaianied arm was exposed 
alternately in cages of each species of 
mosquitoes. Exposures for 2 minutes were 
made daily until a total of five bites was 
received from each species. Between trials 
the impregnated hose were kept indoors 
but suspended open to aeration. 

Repellency was measured in days to the 
first bite (complete protection) and to the 
fifth bite (partial protection). Dimethyl 
phthalate, the present standard for com- 
parison, averaged over 30 days’ protection 
against Aédes aegypti when impregnated 
in cloth at 3.3 grams per square foot. 
Chemicals that allowed fewer than five 
bites against A. aegypti in the first 10 days 
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of testing were considered sufficiently 
promising to justify further study. 

In skin tests and fabric impregnation 
tests of more than 6000 compounds, 
Anopheles quadrimaculatus has been found 
to be remarkably insensitive to a great 
many materials that are repellent to 
Aédes aegypti. Furthermore, no com- 
pounds have been found which provide 
significantly greater protection against A. 
quadrimaculatus than against A. aegypti. 
Consequently, interpretations of the re- 
pellency of a material have been made 
largely in terms of its performance against 
A. aegypti. The use of A. aegypti as the 
primary test species is further recom- 
mended by the observations of overseas 
workers that some foreign anophelines 
show a reaction to repellents which 
parallels that of A. aegypti much more 
closely than that of 4A. quadrimaculatus. 

About 9 per cent of 1,339 solids pro- 
vided sufficient repellency to Aédes aegypti 
(more than 10 days’ protection) to war- 
rant additional consideration. Three- 
fourths of all the solids (74 per cent) were 
initially ineffective against A. aegypti and 
88 per cent failed to repel Anopheles 
quadrimaculatus on the first day of test- 
ing. 

In the initial screening tests no partic- 
ular consideration was given to possible 
objectionable qualities of the materials, 
such as toxicity, irritation, pronounced 
odor, and staining, the initial selections 
being made purely on the basis of repel- 
lency. Chemicals that withstood these 
tests were subjected to more definite 
tests, including evaluation of their suita- 
bility as skin applications and of their 
resistance to removal from cloth by cool- 
water rinsing, and tests at reduced rates 
of impregnation in cloth. Prior to evalua- 
tions by application to the skin, materials 
were subjected to irritation tests. 

REPELLENCY ON Sxin.—Of the solid 
chemicals showing repellency when im- 
pregnated in cloth, 48 were tested on the 
skin, either as solutions in dimethyl 
phthalate or as aqueous suspensions, or in 
both formulations. They were dissolved 
in an equal quantity (by weight) of 
dimethy! phthalate or to saturation if less 
than 50 per cent would dissolve. Aqueous 
suspensions were usually made to contain 
50 per cent by weight of solid chemical, 


1 All toxicological and irritation tests made by U. S. Food and 
Drug Administration. 
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48 per cent of distilled water, and 2 per 
cent of Tween 80 (polyoxyalkylene deriva- 
tive of sorbitan monooleate). One milli- 
liter of either mixture was applied to the 
forearm, and in most cases dimethy! 
phthalate alone was applied at the same 
rate to the other arm. Protection times 
against both Aédes aegypti and Anopheles 
quadrimaculatus were determined to. the 
first and second bites. These tests were 
conducted under the same laboratory 
conditions as were the screening tests 
described above. The procedure was es- 
sentially the same as that used by 
Granett (1940). 

The results of these tests were some- 
what erratic, and protection times were 
based in most cases only on duplicate 
tests. However, 28 out of 45 solids tested 
as solutions in dimethyl phthalate ex- 
tended the protection time of that mate- 
rial, whereas the remainder gave about 
the same or less protection time than 
dimethyl phthalate alone. Of the mate- 
rials tested in aqueous suspension, the 
protection times of 14 were equal to or 
higher than that of dimethyl phthalate, 
and 23 gave shorter protection. 

That some solid chemicals are highly 
effective skin repellents was indicated by 
these tests. For instance, n-butyl sulfone 
(31 per cent) as an aqueous suspension In 
four tests gave an average protection time 
against Aédes aegypti of 426 ntinutes. The 
same material (33 per cent) in solution in 
dimethy] phthalate gave an average pro- 
tection of 318 minutes. Dimethyl phthal- 
ate alone gave protection for 273 minutes. 
Other solids that gave longer protection 
than dimethyl phthalate included p- 
methoxyacetophenone; 8-hydroxyquino- 
line; piperonal; alpha, alpha, beta-tri- 
chloropropionamide; 2-ethyl-2-butyl-1,3- 
propanediol; N,n-propylacetanilide; and 
propiophenone oxime. 

Rinsinc Tests.—Since an important 
use of mosquito repellants is for impreg- 
nation of clothing, the ability of a repel- 
lent to withstand removal by water is of 
major consideration. Materials found 
effective in screening tests were evaluated 
further by rinsing them in cool water. 
These materials were impregnated in 
cloth, according to the procedure used in 
the screening tests, and rinsed individu- 
ally in 1.2 liters of tap water at 75°-85° F. 
for 15 minutes. After drying, the fabrics 
were tested for repellency, and if fewer 
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than five bites were received in a 2-minute 
exposure to Aédes aegypti, a second 15- 
minute rinsing in fresh water was made. 
Materials that continued to be effective 
after the second rinsing were subjected to 
a 30-minute rinse. Agitation for rinsing 
was provided by a home washer, which 
was adapted by slipping a round frame 
ovet the ‘agitator to hold four 2-quart 
mason jars. The agitator blades operated 
over a 180° arc and made 56 reversals per 
minute. More than half the solids sub- 
jected to these tests were ineffective after 
15 minutes of rinsing. 

Only 7 of 58 solid chemicals retained 
their repellent action through 30 minutes 
or more of rinsing. They were o-phenyl- 
phenol, p-tert-butylphenol, hexachloro- 
phenol, 4,6-dinitro-o-cresol, a mixture of 
chlorinated phenols, dinitro-o-sec-butyl- 
phenol, and phenylcyclohexanol. The best 
repellency following considerable expo- 
sure to water was shown by dinitro-o-sec- 
butylphenol, which continued effective 
against Aédes aegypti after 105 minutes of 
rinsing and seven changes of water. 4,6- 
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Dinitro-o-cresol was effective through 1 
hour of rinsing with three changes of 
water. 

Repucep Rate oF ImMPpREGNATION.— 
Materials providing more than 10 days of 
complete protection against Aédes aegypti 
when impregnated in cloth at 3.3 grams 
per square foot were tested for their repel- 
lency when applied to cloth at half that 
dosage. Only 14 of 56 solids continued to 
give more than 10 days’ protection when 
tested in this way. These materials were 
o-phenylphenol; 2,4,6-trichlorophenol ; 2,4- 
dinitro-o-cresol; p-nitroanisole; 2-isoval- 
eryl-1,3-indandione (Valone); dinitro-o- 
sec-butylphenol; piperonal; 2-ethyl-2- 
butyl-1,3-propanediol; N-ethylacetani- 
lide; N-n-propylacetanilide; 1-benzyley- 
clohexanol; 1(p-chlorophenyl)-3-methyl- 
2-butanol; N-methylpropionanilide; and 
2,4,7,9-tetramethyl-5-decynediol-4,7.  2- 
Ethyl hexanediol-1,3 (Rutgers 612) and 
dimethyl phthalate, the standard repel- 
lents for comparison in these tests, also 
were effective when used at the reduced 
rate.—3-31-47. 
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Dr. E. A. Back retired from active service in the 
Bureau of Entomology and Plant Quarantine on 
June 30, 1947, after a period of service dating from 
July 1, 1906 and interrupted only briefly for service 
as State and Experiment Station Entomologist in 
Virginia. 

Dr. Back’s most important research activities 
have dealt with problems concerning the control of 
insects attacking stored food products as well as 
other household pests. During both world wars he 
rendered important services to the armed forces. 
For a period of five years Dr. Back conducted studies 
of the Mediterranean fruit fly in Hawaii but for the 
last 30 years of his period of service his work was 
ace ba 9 about the problems of pests of stored prod- 
ucts. 

Dr. Back, along with Dr. R. T. Cotton, has repre- 
sented the U. S. Department of Agriculture at an 
international conference of specialists in his field 
being held in London, England, during a part of 
August, 





SCIENTIFIC NOTES 


Two-spotted Spider Mite Damage 
to Potatoes 


B. J. Lanpis and E, W. Davis, U.S.D.A., Agr. Res. 
Adm., Bureau of Entomology and 
Plant Quarantine 


Potato plants began to die prematurely in some 
fields in the Yakima Valley, Washington, during 
the latter part of July 1946. Late blight was deter- 
mined as the cause in some instances, but in others 
where foliage symptoms bore a superficial resem- 
blance to blight neither the mycelial growth nor 
fruiting bodies of the blight organism developed. In 
these fields the two-spotted spider mite, Tetranychus 
bimaculatus Harvey,? was present in large numbers. 

Mite damage to potato foliage is not common. 
Sorenson (1934) reported that a common red spider, 
Tetranychus telarius L., attacks potatoes in Utah. 
Reddick (1983) reported that Tarsonemus sp. was 
found associated with a leaf-withering condition of 
potatoes grown in a greenhouse at Ithaca, New 
York, but later (1935) he absolved mites as the 
causal agents, 

Under Yakima conditions the lower leaves of 
potato plants first showed injury from the two- 
spotted spider mite, and damage spread gradually 
throughout the plants, First evidence of injury con- 
sisted of irregular-shaped, wilted areas measuring 
from 0.25 to 0.75 inch in greatest diameter. As the 
wilted areas became brown anid dead, the affected 
areas increased in size and in a manner simulating 
the spread of late blight lesions. Within 3 weeks all 
leaves on the heavily infested plants had been killed. 

The first infestation was found in a corner of a 
40-acre field of Netted Gem potatoes which termi- 
nated on a sloping hillside. At that time al] plants 
within a triangular area consisting of less than 2 
acres had been killed. The plants had passed the 
blossom stage of growth and tubers were of about 
half-normal] size. Laterobservations showeda gradual 
increase in the area in which all plants were killed, 
and by September 30 approximately 15 acres of the 
plants had been killed. 

A few days after mites were found in the first 
field, they were observed also in three additional, 
widely separated fields of potatoes. Late blight also 
was present in one of these fields of White Rose 
potatoes and caused the rapid death of the plants. A 
maximum of 48 mites, and a greater number of eggs, 
were found per compound leaf. In another field of 
White Rose potatoes a maximum of 12 mites per 
compound leaf were found, but neither blight nor 
mite injury was observed. In a field of Netted Gem 
potatoes a maximum of 71 mites per compound leaf 
were observed, and the death of numerous plants 
was attributed to the mites. During October several 
other potato fields were examined. The plants were 
in a late stage of maturity and, although numerous 
dead mite eggs were found, neither viable eggs nor 
living mites were observed. 

Either through coincidence or from cause, all 
potato fields found infested with the two-spotted 
spider mite had been treated with one or more ap- 
plications of DDT dust prior to the occurrence of 
mite damage. Moreover, the greatest damage from 


1In cooperation with the Washington Agricultural Experi- 
ment Station. 

: Identified by H. H. Keifer, California Department of Agri- 
culture. 


mites occurred in fields which had received four or 
five applications of DDT dust at 12- to 15-day inter- 
vals.— 3-29-47. 
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Comparative Effectiveness of DDT 
and DDD for Control of Flies 


Harvey L. Sweetman, University of 
Massachusetts, Amherst 


The use of DDT is well established as a control for 
flies about buildi and on livestock (Blakeslee 
1944; Bruce & Blakeslee 1946; Laake 1946; Lind- 
quist et al. 1944, 1945; Matthysee 1946; Peairs 1946; 
Sweetman 1946; Van Leeuwen 1944; Wells 1944; 
Weismann 1948), while the closely related compound 
DDD has not been so extensively used. During the 
season of 1946, two dairy herds and the respective 
barns were treated with these insecticides. Both 
herds averaged about 64 cows during the fly season. 
The origina] formulations were 25 per cent emulsion 
concentrates of the active insecticides. The cows 
were treated with 0.2 per cent sprays until Septem- 
ber, at which time a 1 per cent application was ap- 
plied (Table 1). 

The college herd and barn were treated with 
DDT. The herdsman applied the insecticide with a 
small electric sprayer, thoroughly wetting both 
sides of the cows, but not the belly or udder. He was 
prone to apply the spray whenever a few flies of any 
species were observed on the cows. Twice as muc 
spray was applied on the college herd as on the 
private herd. Part of this was because of more thor- 
ough application, and part because the finer spray 
produced less run-off. However, considerably more 
time was required to apply the treatments. Limited 
portions (Sweetman 1946) of the wails of the barn 
were sprayed with a 1 per cent concentration of 
DDT, G an entomologist, to control house and sta- 
ble flies. 

The herd treated with DDD was privately 
owned, The first spray was applied by one workman, 
the remaining sprays by another workman. The 
spray was applied from a 2-gallon compressed air 
garden sprayer. The cone formed by the spray was 
sufficient to cover the side of a cow from back to 
belly and by slowly swinging the nozzle from the 
head toward the rump or vice versa one side of a cow 
was covered quickly with one motion. This wet the 
animal enough to cause some run-off, However, the 
spray was much coarser than, and not as thorough 
as, the applications applied on the college herd with 
the electric sprayer. The only treatment applied to 
the walls and other spots in this barn was the surplus 
spray left after treating the cows, which was applied 
as a spot treatment (Sweetman 1946). 

The horn fly population became noticeable on 
both herds in late June (Table 1). A few stable flies 
appeared in August at the college barn, but these 
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were quickly eliminated by spot spraying on limited 
areas of the wall and the manure conveyor system. 
At other times stable flies were scarce. Very few 
stable flies appeared at the private dairy, which ma 
have been associated with the absence of livestoc 
at this dairy the previous season. No sprays were 
applied against the stable fly at this private dairy. 

ouse flies were scarce at the college barn, but be- 
came temporarily conspicuous at the private dairy 
twice during the summer. Very limited spot treat- 
ments where the flies congregated quickly elimi- 
nated the infestation. 

The horn flies on both herds were effectively con- 
trolled (Table 1). The college herd was sprayed 
oftener than necessary; at least two surplus sprays 


Table 1.—The results of control tests with 
ae and DDD against horn, stable and house- 
es. 
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were applied in July and August. An inspection of 
the college herd on August 20 revealed one cow with 
about 40 horn flies, while 0 to 5 flies were observed 
on other members of the herd. A check showed that 
the cow with 40 flies had just been introduced the 
previous day and that she had not been treated 
during the summer. This suggests the possibility 
that the flies transfer from one animal to another 
very slowly or are capable of selecting animals 
that have not been treated. This latter possi- 
bility is increased by the fact that the remainder of 
the herd had been sprayed only 48 hours previously. 
The season of 1946 in the vicinity of Amherst ap- 
red somewhat unfavorable for horn, stable and 
ouse flies as the population of these flies seemed to 
be below normal. It is possible that in a more severe 
fly season a superiority of one of these insecticides 
might be evident. 

Conc.usions. The treatment of two dairy herds 
and the respective barns with DDT and DDD gave 
excellent control during the season of 1946. It is 
anticipated from the results during 1945 and 1946 
that either of these insecticides applied to livestock 
at about 1 per cent concentration at intervals of 
about a month will control horn flies under Massa- 
chusetts conditions. Similar applications on very 
limited portions of the barn walls, milk room screens 
or other places where flies tend to congregate in 
numbers will suffice to control house and stable 
flies. —1-31-47, 


LITERATURE CITED 


Blakeslee, E. B. 1944. DDT as a barn spray in 
stablefly control. Jour. Econ. Ent. 37: 
134-5. 


JOURNAL OF Economic ENTOMOLOGY 


Vol. 40, No. 4 


Bruce, W. G., and E. B. Blakeslee. 1946. DDT to 
control insect pests affecting livestock. 
Jour. Econ. Ent. 39: 367-74. 

Laake, E. W. 1946. DDT for the control of the 
horn fly in Kansas. Jour. Econ. Env. 39: 


65-8. 

Lindquist, A. W., A. H. Madden, H. G. Wilson 
and H. A. Jones. 1944. The effectiveness 
of DDT as a residual spray against house- 
flies. Jour. Econ. Ent. 37: 132-4. 

Lindquist, A. W., A. H. Madden, H. G. Wilson 
and E. F. Knipling. 1945. DDT as a re- 
sidual-type treatment for control of house- 
flies. Jour. Econ. Ent. 38: 257-61. 

Matthysse, J. G. 1946. DDT to control horn- 
flies and Gulf Coast ticks on range cattle 
in Florida. Jour. Econ. Ent. 39: 62-5. 

Peairs, L. M. 1946. DDT and hornfly popula- 
tions. Jour. Econ. Ent, 39: 91-2, 

Sweetman, Harvey L. 1946. DDT as a spot treat- 
ments for flies. Jour. Econ. Ent. 39: $80- 
1. 

Van Leeuwen, E. R. 1944. Residual effect of 
DDT against houseflies. Jour. Econ. 
Ent. 37: 184. 

Wells, R. W. 1944. DDT as a fly spray on range 
cattle. Jour. Econ. Ent. 37: 136-7. 

Wiesmann, R. 1948. Fly control in stables. 
Soap and Sanitary Chem. 19(12): 117, 119, 
141, 143 (Translation). 





Occurrence of the Brown Dog Tick 
on Florida Rats’ 


D.C. TuurMan? anp J. A. MULRENNAN®* 


In a recent publication, Cooley (1946) compiled 
an extensive list of hosts of Rhipicephalus sanguineus 
(Latr.), the brown dog tick, from records in litera- 
ture and from the Rocky Mountain Laboratory of 
the U. S. Public Health Service. Neumann (1911) 
and Bishopp & Trembly (1945) summarized in 
previous lists the known host records of this tick. 
These reports do not list Rattus norvegicus (Erxle- 
ben) and R. rattus alerandrinus (Goeffrey-St. Hilaire 
& Audouin) nor mice as host animals of R. sangui- 


Thirty collections of brown dog tick larvae and 
nymphs from Rattus norvegicus, four collections of 
larvae from R. r. alexandrinus and two collections of 
larvae from mice were made during 1945 and 1946 by 
field workers of the Florida Typhus Control Pro- 
gram. None of the larvae were found engorged when 
collected and they were usually taken singly. 

The largest collection of Rhipicephalus sanguineus 
from a rat in Florida consisted of 20 specimens, 8 
of which were larvae and 12 nymphs (August 13, 
1946, Rattus norvegicus, Marvin Braswell). Several 
of the nymphs appeared to be slightly engorged. 

Dr. C. N. Smith of the Bureau of Entomology and 
Plant Quarantine Laboratory, Orlando, Florida, 
examined four lots of these ticks from Miami and one 
lot from Jacksonville and concurred in our deter- 
mination of Rhipicephalus sanguineus (Latr.). Re- 


1 From Communicable Disease Center, U. S. Public Health 
Service, Atlanta. Georgia, and Florida State Board of Health, 
Jacksonville, Florida, : ‘ 

2 Assistant Sanitarian (R), U.S. Public Health Service. __ 

3 Chief, Bureau of Malaria Control and Communicable Dis- 
sease Center Activities, Florida State Board of Health. — 

4 Nina Branch, Medical Technician, Bureau of Malaria Con- 
trol, Florida State Board of Health, assisted in the work. 
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cords of R. sanguineus from Florida rats are as fol- 
lows: 

Rattus norvegicus (Erxleben) 

Miami—Two rats each with two larvae on Sep- 
tember 9 and 14, 1945. One larva on each of 26 
rats. Animals were captured on the following 
dates: September 14 and 22, November 9, 1945, 
and March 29, April 17, May 1, 7 and 23, July 
16, August 9, 18, 27 and 28, September 17, Oc- 
tober 1, 23, 24 and 31, November 6, 7 and 26 
and December 16, 1946. 

Jacksonville—One larva, June 138, 1946, and 8 
larvae, 12 nymphs on one rat, August 13, 1946. 

Rattus r. alexandrinus (Geoffrey—St. Hilaire and 
Audouin) 

Miami—One larva from each of 4 rats. Animals 
were captured August 14 and 20 and October 
18, 1946. 

Mice: 

Miami—One larva from each of two mice. Animals 
captured on September 14, 1945. 
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Aleyrodes spiraeoides Infesting 
Potatoes 


B. J. Lanpis and C. W. Gerzenpaner, U.S.D.A., 
Agr. Res. Adm., Bureau of Entomology and 
Plant Quarantine! 


Moderate to heavy populations of whiteflies have 
been observed on potatoes in the Yakima Valley, 
Wash., annually since 1941 and may have been pres- 
ent for a greater number of years. Specimens col- 
lected during the 1946 season were identified as 
Aleyrodes spiraeoides Quaint.? 

The adult whiteflies appear on potato foliage dur- 
ing the first half of May and eggs have been ob- 
served as early as May 14. Population increase is 
slow on early potatoes but extremely rapid on the 
late crop, reaching a peak during August and Sep- 
tember. Reproduction on potatoes is stopped by kill- 
ing frosts, usually in October, but whitefly nymphs 
and adults have been observed on more hardy w 
hosts as late as the first week in November. 

Enormous populations of whiteflies have been ob- 
served in some potato fields which were kept free of 
possible alternate weed-host plants. In one instance 
over 1000 eggs were found on a single potato leaflet. 
Sweep-net collections have shown up to 13863 per 
cent increase in adult whiteflies during a 7-day col- 
lection interval in August, and increases of 300 to 600 
per cent during a like period were not uncommon. 

The White Rose variety of potato has been less 
heavily infested than either Netted Gem or Sebago. 
In one field where both White Rose and Netted Gem 


on & cooperation with the Washington Agricultural Experiment 
on. 
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were grown the number of adults obtained in four 
weekly collections averaged 93 per 100 sweeps on 
White Rose and 835 on Netted Gem. In a field of 
White Rose and Sebago the number of adults ob- 
tained in two weekly collections averaged 504 per 
100 sweeps on White Rose and 5440 on Sebago. 
Aleyrodes spiraeoides breeds on several unrelated 
plants. Infested plants found in or near potato fields 
included wild groundcherry, Physalis sp., bindweed, 
Convolvulus sp., lambsquarters, Atriplex sp., sow- 
thistle, Sonchus sp., and tomato, Lycopersicon sp. 





Insecticide Tests on Codling Moth 
in Illinois, 1946 


Cari J. WernMAn?? 


Inasmuch as several new materials became avail- 
able for tests during 1946, ip cacprer were run in 
the University’s orchards to check their possible use 
against codling moth. 

The tests were run in two blocks of the orchards, 
comprising Transparent, Wealthy, Jonathan, Golden 
Delicious, and Winesap varieties. The pre calyx 
fungicide sprays, the calyx and first cover (lead- 
arsenate, lime, and sulfur), and the second-cover 
spray (sulfur only) were the same on all plots, There- 
after, 4 sprays of the experimental materials were 
applied to the Transparents, 5 to the Wealthy trees, 
and six applications of each material were made on 
the other varieties. Table 1 is a summary of the re- 
sults on the Winesap plots, which agree in general 
with the results on the other varieties. For these 
data every apple, drops as well as picks, on each of 
the trees used for records was counted and graded 
for stings and entries. The figures in the table are 
averages of two record trees from each plot. 

Discussion.—In addition to the tests listed in 
table 1, lower concentrations of benzene hexachlor- 
ide’ Toraphene, and chlordane were tested. At the 
lower concentrations, these materials were even less 
effective. Several other formulations of chlordane 
at 1 Ib. to 100 gals. gave results similar to those 
listed in table 1. 

Results with the zinc fluoroarsenate were com- 
parable to those with lead arsenate. This material 
was reported to be so much less toxic to plants than 
lead arsenate that no safener was needed. When the 
safener was omitted from these treatments, how- 
ever, severe arsenical burn resulted. No injury to 
—_ or fruit was observed on any of the other 
plots. 

Samples of fruit from representative plots were 
submitted under code to the foods laboratory of the 
University home economics department for flavor 
tests.? Both the raw, unpeeled fruit and sauce made 
from the apples were subjected to their tests. Trans- 
parent apples were tested two weeks after the last 
sprays were applied. Apples from the two benzene 
hexachloride plots were judged to have a definitely 
musty flavor at the higher concentration and a 
slightly musty flavor of the lower concentration of 
benzene hexachloride. Apples from the other plots 
were normal in flavor. Among the Jonathan apples, 
harvested 5.5 weeks after the last application of 


1 Entomologist, Illinois State Natural History Survey. 

2 This study was supported in part by a grant from the Velsi- 
col Corporation, of — Illinois. , 
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Table 1.—Results of field tests of insecticides for the control of codling moth on Winesap apples. 








Per Cent | Per Cent ENTRIES STINGs 


TREATMENT (Las. ACTUAL ToxICANT ENTERED StunG PER 100 PER 100 


PER 100 Gals.) 


Frvit FrvIt APPLES APPLES 





Lead arsenate 4 lbs. 
Summer oil 2 qts. 
Zinc fluoroarsenate 4 lbs. 
Summer oil 2 qts. 
DDT! wettable powder 1 Ib. 
DDT, wettable powder $ Ib. 
Chlordane,? wettable powder 1 Ib. 
Chlordane, emulsion conc. 1 Ib. 
Toraphene,’ wettable powder 1 Ib. 
Toxaphene, emulsion conc. 1 Ib. 
Benzene hexachloride,‘* wet- 0.173 Ibs. 
table powder gamma 





11.1 15.8 


16.2 
5.8 


_ 
Co @ 


SPUee 
SRHAaDO eH wa 
ROOKREE BR Ww 
© Or 0 Or em Oo 

POWeM IO oH & 
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uced chemical, containing 60 to 75% of chlordane, together wi 
normal manufacturing processes which are toxic to insects. Chlordane: 1,2,4,5, 


3 Contained 25% of technical Toraphene, chlorinated camphenes. 


# Contained 5.75% of the gamma isomer. 


spray, the two benzene hexachloride plots again were 
judged definitely off flavor. It was nearly ten weeks 
after the last spray had been applied to the Winesaps 
that this variety was subjected to taste tests. Even 
so, the judges were able to pick out the benzene 
hexachloride plot from among the eight samples 
submitted, and they agreed that both the fresh 
fruit and the sauce had a definitely bad flavor. 

It appears from these results that only DDT 
among the four chlorinated hydrocarbons tested is 
effective against codling moth at practical concen- 
trations. The use of benzene hexachloride on apples 
may affect the flavor of the fruit even when the last 
spray is applied as long as two months before 
harvest. In these preliminary tests, zinc fluoroarsen- 
ate seems to offer no advantages in safety or better 
control of worms over lead arsenate.—3-5-47. 





Laboratory and Cage Tests with Newer 
Insecticides to Control Cotton Insects 


E. E. Ivy and K. P. Ewrne, U.S.D.A., Agr. Res. 
Adm., Bureau of Entomology and Plant Quarantine! 


Laboratory and cage tests designed to determine 
the effectiveness of several of the newer insecticides 
against cotton insects were conducted at Waco, 
Tex., during 1946. Tests with benzene hexachloride 
and a chlorinated camphene are described in other 
papers (Ewing et al. 1947, Ivy et al. 1947). Results 
‘a tests with several other materials will be given 

ere. 

Tests were made against the following insects: 
Bollworm, Heliothis armigera (Hbn.); boll weevil, 
Anthonomus grandis Boh.; cotton leafworm, Ala- 
bama argillacea (Hbn.); cotton aphid, Aphis gos- 
sypii Glov.; cotton fleahopper, Psallus seriatus 
(Reut.): southern green stink bug, Nezara viridula 
(L.); cabbage looper, Trichoplusia ni (Hbn.); and 
garden webworm, Lorostege similalis (Guen.). 

Cage tests were conducted in the open on field- 
grown plants, and applications of insecticides were 


1In cooperation with the Texas Agricultural Experiment 
Station. 


made in a dusting chamber (Ivy 1944). Insecticides 
were applied before insects were placed upon the 
plants in all instances except that garden webworms 
were placed on plants 24 hours before treatment. 
Cages of untreated insects and cages containing in- 
sects treated with calcium arsenate, DDT, or nico- 
tine were included in the various tests. Unless other- 
wise stated DDT was mixed with pyrophyllite. 
Leaves and leaf-sections with field-collected aphids 
were dusted in a laboratory dusting tower in the 
aphid tests. Controlled dosages of insecticides were 
used against the various insects and, unless other- 
wise stated, the dosages, on a per-acre basis, were as 
follows: Bollworms, cabbage looper and southern 
green stink bug, 16 pounds; cotton fleahopper, 12 
pounds; cotton aphid, 10 pounds; and all others, 8 
pounds. 

CutorpANE.—A chlorinated hydrocarbon desig- 
nated as chlordane was tested in dust formulations. 
The technical material is a viscous liquid. Dust 
mixtures were made by impregnating a dust with an 
acetone solution of the chlordane. Pyrophyllite was 
used in the 1 to 5 per cent mixtures, and “fossil 
flour’’ (infusorial earth) in the 10 and 20 per cent 
mixtures. 

A 5 per cent chlordane dust was very toxic to cot- 
ton fleahopper adults and nymphs, but a 1 per cent 
dust was much less effective than the same concen- 
tration of DDT or chlorinated camphene. Neither of, 
these concentrations was as effective as a dust for- 
mulation of benzene hexachloride containing 0.575 
per cent of the gamma isomer. 

At 10 and 20 per cent concentrations chlordane 
was effective against cotton aphids and boll weevils, 
but not quite so effective as corresponding concen- 
trations of chlorinated camphene or benzene hexa- 
chloride (gamma isomer 5.75 per cent). 

At the 20 per cent strength chlordane was less 
toxic than chlorinated camphene against cabbage 
looper larvae, garden webworm larvae, and southern 
green stink bug adults and nymphs. Against the 
cotton bollworm results with chlordane were not 
nearly so promising as with DDT or chlorinated 
camphene. 

SapapitLA.—A dust containing 20 per cent of 
sabadilla was more effective against adults and 
nymphs of the southern green stink bug than one 
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containing 10 per cent of DDT, but was not so ef- 
fective as dusts containing 20 per cent of chlorinated 
camphene or chlordane. Dusts containing 10 and 5 
per cent of sabadilla gave poorer results against this 
insect than one containing 10 per cent of DDT. 
Sabadilla dusts at concentrations of 20, 10, 5, and 
2.5 per cent were fairly satisfactory against cotton 
fleahopper adults and nymphs, but they were less 
toxic and much slower acting than 5 per cent 
DDT-sulfur dust. 

The sabadilla dusts had practically no effect on 
cotton aphids, cotton leafworms, bollworms, and 
boll weevils. 

Ryanta.—Ground stems and roots of Ryania 
speciosa was rather toxic to third-instar bollworms 
when used undiluted. It was much slower acting 
than a 5 per cent DDT dust, but its effect was ap- 
proximately the same at the end of the five-day test 
period. Mixtures of Ryania and pyrophyllite con- 
taining 50, 25, and 12.5 per cent Ryania were much 
less effective than a 5 per cent DDT dust against 
bollworm larvae. 

Undiluted Ryania gave better results against the 
southern green stink bug than 10 per cent DDT, but 
was less toxic than dusts containing 20 per cent of 
chlorinated camphene, chlordane, or sabadilla. 

Undiluted Ryania was ineffective against cotton 
aphids at dosages of 10 and 30 pounds per acre, and 
at $2 pounds per acre was only moderately effective 
against boll weevils. 

HexarETHyL TEeTRAPHOSPHATE.—Dusts contain- 
ing hexaethy] tetraphosphate were extremely effec- 
tive against cotton aphids. Concentrations as low as 
1.25 per cent gave good control. These dusts break 
down rapidly in storage, however. Dust mixtures had 
lost approximately half their toxicity after one day 
and practically al] of it after three or more days. This 
was true whether the diluent was pyrophyllite, ce- 
lite, sulfur, or tale. Hexaethyl tetraphosphate ap- 
pears to be incompatible with calcium arsenate or 
hydrated lime, since even freshly prepared mixtures 
of these materials were ineffective. 

Cotton fleahopper adults and nymphs were read- 
ily controlled with hexaethyl tetraphosphate in 
pyrophyllite. Dusts containing 5 per cent of hexa- 
ethyl tetraphosphate were approximately as toxic to 
adults and nymphs as was 5 per cent DDT-sulfur, 
but 1 per cent dusts were less toxic. 

Five per cent hexaethy] tetraphosphate dusts were 
ineffective against boll] weevils and bollworms. 

AZOBENZENE.—A micronized mixture containing 
25 per cent of azobenzene in fuller’s earth was u 
in these tests. Dusts of lower strength were made by 
diluting this mixture with pyrophyllite. 

Azobenzene was fairly effective against cotton 
fleahopper adults and nymphs at 25 and 12.5 per 
cent concentrations, but not very effective at 6.25 
and 3.125 per cent concentrations. 

A 25 per cent azobenzene dust was nontoxic or 
only slightly toxic to boll weevils, bollworm larvae, 
and cotton aphids. 

PrreronyL Compounps.—Two dust composi- 
tions, one containing 0.5 per cent of “piperonyl 
cyclohexenone” and 0.04 per cent of pyrethrins in 
an unknown carrier, and the other containing 
0.0125 per cent of piperony] butoxide and 0.001 per 
cent of pyrethrins in pyrophyllite, were found to 
give moderate control of cotton fleahopper adults 
and nymphs, but they were not so effective as DDT, 
chlorinated camphene, or benzene hexachloride. 
Neither of these dust compositions was effective 
against bollworms, bol] weevils, cotton aphids, or 


southern green stink bugs. 
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Benzene Hexachloride as a Fumigant 
and a Contact Insecticide! 


A. S. Srrvastava? and H. F. Wuson, 
University of Wisconsin, Madison 


With a variety of new chemicals that are known 
to be highly toxic to a variety of insects, much needs 
to be done to determine the specific use to which 
each is best adapted. 

The present study was inspired by greenhouse ob- 
servations in which the fumes from a single half gram 
dose of a dust containing 5 per cent of technical 
benzene hexachloride persisted in a bell jar of 1400 
cu. in. of space for 18 days in sufficient strength to 
kill pea aphids. The experiment was started by 


-blowing the dust into the bell jar to treat a single 


pea plant infested with aphids. Then each day for a 
week other infested plants were put under the jar 
and the aphids were dead in 24 hours. On the 
eighteenth day after the dust was applied the fumes 
were still strong enough to cause 80 per cent mortal- 
ity in 24 hours. Similar observations with three other 
species of greenhouse aphids, A. sanborni Gill., 
Myzus circum Buck., and S. brassicae L., 
showed somewhat similar results. The dosage in this 
case was .003 gram of the gamma isomer to 1400 
cubic inches of space. However, samples of the alpha 
and beta isomers which we have tested had benzene 
hexachloride fumes sufficient to kil] aphids and must 
be considered, so we have estimated the dosage to be 
.025 gram for 1400 cubic inches of space. 

Following these observations the fumigating val- 
ues of benzene hexachloride were tested against the 
German cockroach, eastern tent caterpillar, and five 
insects feeding on stored products. One test was run 
in which benzene hexachloride was added to carbon 
disulphide, carbon tetrachloride, and ethylene di- 
chloride to find the fumigating value of such com- 
binations. The following insects were used: 


. Blattella germanica (L.) German cockroach. 

. Dermestes lardarius (L.) The larder beetle. 

. Ephestia kuehniella (Zeller). The Mediterra- 
nean flour moth. 

Oryzaephilus surinamensis (L.) The saw- 
toothed grain beetle. 

. Triboitum confusum (Duval) Confused flour 
beetle. 

. Trogoderma sternalis (Jayne) 

Malacosoma americana (Fabr.). Eastern tent 
caterpillar. 


ID oo * woe 


1 Richmond Fragen Paper. 
? Graduate student, Department of Economic Entomology, 
University of Wisconsin. 
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For making the tests the insects were held in 
screen cages placed in battery jars with a capacity 
of 252.82 cu. inches. 

Experiment 1. Laboratory studies to determine the 
fumigating value of fumes given off by benzene hexa- 
chloride in closed containers. ; 


Table 1.—Fumigation effect of 2.5 and 5 grams 
of benzene hexachloride placed on paper around 
the outside of screen cages containing 10 to 15 
individuals of a variety of insects injurious to 
stored products and one tent caterpillar species. 
T. 75° F., R. H. 62 per cent. The data is based on 
5 replicated tests. 








Pertop or Hours 
REQUIRED FOR 
100% Mortauity 


Benzene 
Hexachloride 
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* Table 2.—The effect of residual fumes of 
benzene hexachloride on tent caterpillar larvae. 








Hours 
FOR 100 
Per Crenr 
CONTROL 


Amount or Mareriat Usep 





80 


10 grams 
120 


None (removed 24 hours previously) 


80 


5 grams 
120 


None (removed 24 hours previously) 


96 
120 


2.5 grams 
None (removed 24 hours previously) 


Control (all insects alive after 7 days) 


DDT—10, 5, and 2.5 grams. None dead in 7 days. 





Stace 2.5 grams 5 grams 
Adult 
Adult 
Larva 
Adult 
Larva 
Larva 
Adult 


Insect 


Blattella germanica 
Dermestes lardarius 
Dermestes lardarius 
Ephestia kuehniella 
Ephestia kuehniella 
alacosoma americana | 

Oryzaephilus surinamensis 
Tribolium confusum Adult 

Trogoderma sternalis Adult 

Trogoderma sternalis 15 Larva 228 
Control (all of above stages) stll alive after three weeks. 








Resutt.—The data showed that the fumes from 
technica] benzene hexachloride had a definite effect 
on insect life and some species were more resistant 
to the fumes than others, Further it showed that the 
adult stages of some species were more easily killed 
than the larvae. 

Experiment 2. An experiment was then made to 
determine the effect of residual fumes of benzene 
hexachloride against half-grown tent caterpillar 
larvae by first placing 15 individuals in a jar of 
252.82 cu. in. capacity, and noting first the time re- 
quired for 100 per cent mortality. Then when these 
groups were dead they were removed along with the 
benzene hexachloride and the jars allowed to set for 
24 hours. Another group of the same number of lar- 
vae were placed under the jar and the time required 
to obtain 100 per cent mortality recorded. The re- 
sults are given in table 2. 


Resuits.—The data showed that there was a con- 
siderable amount of residual effect from benzene 
hexachloride fumes 24 hours after the chemical] itself 
was removed, and that the residual fumes from 2.5 
grams were as satisfactory as 10 grams at the end of 
five days. 

Experiment 3. This study was made to determine 
if the amount of carbon disulphide, ethylene di- 
chloride, and carbon tetrachloride necessary for the 
control of several insects could be reduced by adding 
benzene hexachloride in relatively small amounts. 
Table 3. 

Resuts.—In every case the addition of benzene 
hexachloride made it possible to reduce the amount 
of the fumigant required alone. In some instances 
the reduction was near 50 per cent. 

Experiment 4. The experiment was designed to ob- 
serve the combined fumigation and contact effect of 
benzene hexachloride by placing it directly in con- 
tact with a mass of wheat grains and introducing 200 
Tribolium confusum beetles at the top of the con- 
tainer. 

Discussion or Resutts.—The data indicate 
that the contact effect of benzene hexachloride is 
more effective than the fumigating effect because 
only when the material was well distributed through 
the grain was high control obtained in a short time. 

Conciusions.—Benezene hexachloride has some 
value as a fumigant but large long time tests will be 


Table 3.—The effect of liquid fumigants (expressed in cc) alone and with 1 gram of added technical 
benzene hexachloride on five insects held in screen cages under battery jars of 252.82 cubic inches 
capacity. Amounts required to give 100 per cent mortality in 24 hours are shown in separate columns 
for each material. The data given is based on the average of 5 replicated tests. 








CS. 
Ineact Stace CS: +BHC! CHCl 


C:H2Ch 
+BHC! 


CS: bat CS: 
CS: 1 pt. C:Hy ly CS: 1 pt. 
CCh C.H2Cl, sha CCk 
BHC! 


CCkh +BHC! 





1 latella germanica Adult 0.083 0.05 0.45 


77° F. R.H. 61% 
Molacosoma americana 
76° F. RH. 75% 
Tribclium confusum 
78° F. R.H. 49% 
Tribolium confusum 
78° F. R.H. 58% 
Trogoderma sternalis 
78° F. R.H. 57% 


Larva 0.25 


Adult 0.28 
Larva 0.45 


Larva 0.45 


0.38 


1.25 


5 2.2 


4 pts. 4 pts. 
0.13 


0.55 0.5 0.23 0.15 


2.0 0.7 0.583 


0.8 0.8 
3.2 1.0 


3.4 1.2 





1 Benzene hexachloride. 
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Table 4.—The combined fumigation and con- 
tact effect of benzene hexachloride against the 
confused flour beetle when mixed in grain. 








Per Cent 
DEAD IN 
48 Hours 


AMOUNT OF BENZENE 
HExXACHLORIDE TO | Ka. 
or WHEAT 





1 gm. mixed in wheat 100 
0.75 gm. mixed in wheat 100 
0.5 gm. mixed in wheat 100 in 68 hrs. 
1 gm. spread on bottom of a jar 
under wheat 17 
1 gm. spread on top layer of 
wheat 10 
1 gm. of benzene hexachloride 
dissolved in 10 ce. of acetone 
and the acetone poured on a 
cheesecloth pad. When ace- 
tone had evaporated wheat 
was introduced and beetles 
placed on top. 5 
80 in 168 hrs. 
100 in 240 hrs. 





necessary to determine if it can be used on a practi- 
cal basis in competition with such liquid fumigants 
as carbon tetrachloride, carbon disulphide, and 
ethylene dichloride. 

Because residual fumes appear to hold for a long 
time in closed containers it might prove to be very 
satisfactory not only as a fumigant but as a repellent 
in long time storage operations. If no bad flavor is 
carried on stored grain as stated by Slade (1945) 
it might be advantageously mixed with grains as 
they are run into storage bins at harvest time and 
give adequate protection up to the time of milling. 
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Soil Treatment to Control Blapstinus 
Wireworms 


Raymonp Roserts,! Experiment Station, 
Weslaco, Texas 


Much of the ground on the Experiment Station 
Farm at Weslaco, Texas, planted to annual crops, 
was found in the spring of 1946 to be rather heavily 
and uniformly infested with a species of wireworms. 
Specimens were identified by Dr. B. E. Rees of the 
U.S. National Museum as a species of Blapstinus 
family, Tenebrionidae. 

The occurrence which first brought this to light 
was severe damage to a field of experimental canta- 
loupes which were being destroyed in the seed and 
seedling stages. A survey of the cataloupe field and 
several surrounding plots indicated an average in- 
festation of two worms per square foot, but since 
most of the other food had been consumed or de- 
stroyed by cultivation the worms were concentrating 
on the cataloupe hills. The same plot had been in 
watermelons the previous year and there was an 


! Resigned January 31, 1947. 
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abundance of watermelon seed which had been 
nearly destroyed. 

A small amount of 0.575 per cent gamma benzene 
hexachloride was worked into the soil around the 
plants in six hills on March 2nd. Some material was 
dusted on small plants just emerging with cotyledons 
only. This showed no injury to the plants. Benzene 
hexachloride was later found to injure larger 
plants when dusted in as low a concentration as 1.5 
per cent. Twenty-four wireworms were taken from 
the six hills on March 4th. After 12 to 18 hours, 
three larvae showed no signs of life; 12 shows only 
reflexes, while the other 9 were sufficiently active to 
craw] away into the soil. On the morning of March 
6, 8 larvae remained alive. Experience has shown 
that it requires benzene hexachloride from 12 to 18 
hours to kill most insects although they wil] show no 
signs of life except the flexing of legs or mouth parts 
after the first 2 or 8 hours. An additional 36 were 
taken from the treated hills, making a total for 4 
days of 60 larvae. Of these 60, 9 survived. 

With this preliminary experimental evidence and 
the fact that a large part of the plot required re- 
planting, double-row plots were set up, the three 
materials worked into the soil as described, as re- 
planting was done. Where plants remained, the 
materials were worked in around the plants. The 
materials used were benzene hexachloride, .575 per 
cent in Pyraz as a carrier; DDT, 25 per cent, and 
cryolite bait in which 40 per cent cryolite was used 
with finely ground dried citrus pulp, as the carrier. 
The fourth plot was left as a check. These plots were 
replicated six times. Approximately 4 grams, for 
convenience of application one level teaspoonful, of 
each material was used per hill. The hills averaged 
8 inches in diameter. The replanting and treatment 
were done on March 8 and 4. A period of dry weather 
at this time, and the fact that the melons were not 
irrigated, made germination irregular, and some 
pare of the first planting emerged afterthe replanting 
was in the ground. 

Worms move through the soil fairly rapidly. Some 
of them could have crawled through the treated 
hills in their search for food, and when the DDT or 
benzene hexachloride started taking effect, may 
have crawled some distance away before they died. 
Many worms on both plots were taken on the surface 
of the soil as if attempting to escape the insecticide. 
This appearance on the surface is contrary to the 
normal habit of these worms. Since DDT kills rather 
slowly, while the benzene hexachloride takes rela- 
tively quick effect, this might explain why fewer 
dead worms were found in the DDT treated hills 
than in those treated with benzene hexachloride. All 
worms recognized to be alive when collected were 
held for several days in untreated soil before the 
final record was made. While it is possible that the 
larvae had fed on the cryolite citrus pulp bait no 
kill was noted during the time that the worms were 
kept under observation, in most cases about 4 days. 

When benzine hexachloride was used at the same 
strength and in the same amount on cotton seed and 
corn in pots as in the cantaloupe hill, this material 
definitely slowed up germination of the seed and 
growth of the plants, although it did not reduce the 
final stand. This would lead to the belief that ben- 
zene hexachloride in lower concentrations might 
prove efficient as a soil treatment against these 
wireworms without excess toxicity to the seedlings. 

A considerable increase in the number of surviving 
cantaloupe replants was obtained from the use of 
DDT. It is possible that this material caused a 
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Table 1.—Wireworm count in cantaloupe hills.' 








I Il Il 


Perr 
Cent 


IV Vv vI ToTaL 





Treatment Dead Alive Dead Alive Dead Alive 


Dead Alive Dead Alive 


Dead Alive Dead Alive Derap 





T-Benzene hex- 9 1 5 
ide .57. 


: 0 

DDT 25% 6 4 

Cryolite 40% -- 22 
citrus bait 

Check 1 9 


18 68 7 51 11 218 43 83.5 


9 68.3 
27 1 » 2&2 


10 — 1.7 





1 Record is taken from four random hills per replication, 25 hills per treatment. 


slight burning at 25 per cent strength. Although 
there was a substantial survival of plants in the 
cryolite bait plots, the lack of kill of the wireworms 
would indicate little or no protection from this bait. 

Conciusions.—Both benzene hexachloride and 
DDT when mixed with the soil will kill root feeding 
larvae. Care must be taken when using these mate- 
rial in soil applications, particularly benzene hexa- 
chloride for it has a retarding effect upon seedling 
growth and may kill plants if it is too concentrated. 
— 2-28-47. 





Boll Weevil Control With Chlordane, 
Benzene Hexachloride, and Calcium 
Arsenate Dusts 


Cuarzes H. Brett and W. C. Rxoapss,! 
Oklahoma Agricultural Experiment Station, 
Stillwater 


Field tests to compare the effectiveness of the new 
synthetic insecticides chlordane and benzene hexa- 
chloride with calcium arsenate for controlling the 
boll weevil, and to evaluate the importance of early 
season control, were conducted at Eufaula (McIn- 
tosh County), Oklahoma, during 1946. 

Laboratory tests were made with weevils held in 
cages under high and low temperatures to determine 
temperature relationship in the susceptibility of the 
boll weevil to these new insecticides. 

Marteriats AND Metnops.—Concentrations of 
the synthetics were based on weight.? Talc dust was 
used as the diluent. Preparations of chlordane were 
made from a technical concentrate. The benzene 
hexachloride was a ground technica] material con- 
taining 10 per cent gamma isomer. Calcium arsenate 
dust was a standard preparation especially designed 
for insecticidal use. 

In the field tests, dusts were applied with a six- 
row power duster. Calcium arsenate was dusted at 
a standard rate of 6 pounds per acre, the synthetics 
at 10 pounds per acre. Three cotton fields were used. 
These were surrounded by timber and vegetation 
ideal for weevil hibernation. 

As is shown in table 1, the fields were divided into 
treated and check areas each of which were several 
acres in size. Infestation counts and yield plots were 
randomized near the center of these areas. Yield 
plots were 62 feet long and 10 rows (42-inch rows) 
wide. There were three such plots in each area. 

Field 1 (Table 1) was dusted with 10 per cent 
chlordane. Applications were made when the in- 


1 The authors acknowledge the very helpful recommendations 
of Dr. F. A. Fenton, especially concerning the timing of early 
applications of dust. : 

2 Variations seem to exist in toxicity of different dust prep- 
arations. Materials available for this experiment are not con- 
sidered to have been most satisfactory. 


festation was above 25 per cent or each week, de- 
pending upon the situation. Field 2 was treated on 
the same basis as field 1, except that one area was 
dusted with benzene hexachloride containing 5 per 
cent gamma isomer and another area was dusted 
with calcium arsenate. A single check area was used 
in comparing the two materials. 

Field $8 grew the earliest cotton in McIntosh Coun- 
ty and produced the first bale. It was dusted a week 
after appearance of the first squares, again the fol- 
lowing week, and the final or third application a 
week later at which time the first blooms were pres- 
ent, 

Laboratory tests were made with chlordane and 
benzene hexachloride diluted in tale dust at con- 
centrations of 4 per cent technical material and 4 
per cent gamma isomer by weight, respectively. 
Test insects were placed in half-gallon mason jars. 
A 50 milligram puff of dust was discharged into each 
jar. After a 5 minute confinement the weevils were 
transferred to screen cages and placed in compart- 
ments of different constant temperatures. 

Resvutts anp Discussion.—Infestation of the 
checks in fields 1 and $ averaged about the same 
throughout the season. Both were somewhat higher, 
especially toward the latter part of the season, than 
the check in field 2. Reduction of the infested squares 
was as great after the first application of chlordane 
in field 1 as it was after the first treatments with cal- 
cium arsenate or benzene hexachloride in field 2. A 
rapid build-up of the boll weevil population and an 
overlapping of adult emergence during the middle of 
July, in field 1, offered a control problem which was 
not comparable to that in field 2. As a result, more 
applications of the chlordane dust were made. The 
extent of contro] obtained with five applications of 
dust, one of them rather late in the season, shows 
this material] to be about as effective as calcium ar- 
senate. By the latter part of August, however, the 
leaves on plants in the treated area had a brownish 
color, indicating some phytotoxic effect. This did not 
appear to influence the yield. 

Reduction of infested squares in field 2 was con- 
sistently greater after each application of ben- 
zene hexachloride than for calcium arsenate. No 
phytotoxic effects were evident. The odor of ben- 
zene hexachloride persisted throughout the season, 
being most noticeable in the early mornings. 

In field 3, the infestation was held at a very low 
level during the dusting period, and conditions dur- 
ing this time were favorable for rapid growth and 
fruiting of the plants. A bol] count made on July 19 
showed an average of 14.8 bolls per plant in the 
dusted area as compared to 8.2 bolls per plant in 
the checks. A period of abnormal drought and high 
temperature extended from the middle of July into 
September. Boll weevils were favored during the be- 
ginning of this period. The infestation climbed 
rapidly and remained high, partly because of the in- 
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Table 1.—Comparison of different treatments for controlling the boll weevil. Eufaula, Okla. 1946. 








Fievp 1 


Fie.p 2 Friexp 3! 





Chlordane 
(10 Per 
Cent) 
(10 Lbs. 


per Acre) Check 


(5 Per Cent 
Gamma 
Benzene 

Hexachloride 
(10 Lbs. 
per Acre ) per Acre) 


Calcium 
Arsenate 
(6 Lbs. 


Calcium 
Arsenate 
(6 Lbs. 
per Acre) 


Check Check 





Infestation (Per Cent) 


Infestation (Per Cent) 


Infestation (Per Cent) 





3 Acres 3 Acres 


10 Acres 


4 Acres 10Acres 3 Acres 3 Acres 





28 
29 


72 
Dusted 
13 
34 
Dusted 
70 
Dusted 


63 

6 
11 
12 
19 


59 


71 


29 
30 


91 


5 
6 
12 
13 
19 
20 


51 
Dusted 
33 
Dusted 
68 


94 
98 
96 


61 
16 


24 
20 


39 
16 


80 


11 
17 
Dusted 


15 
Dusted 
ll 
Dusted 
37 


91 


11 
18 


60 61 44 


20 


27 


45 


42 


44 
77 


25 42 98 


26 61 92 


96 


92 


97 
17 


78 


59 99 


88 


94 





Yield, Lbs. Seed Cot- 
ton per Acre 





Percentage Gain in 
Yield. 


23 














1 Dusted one week after appearance of first squares. 


creasing inability of plants to replace squares rapidly 
under adverse climatic conditions. The early crop 
which had been protected by dusting was held, but 
the plants carrying this early crop were more seri- 
ously affected by the drought than were those which 
had less fruit, due to weevil damage. The result was 
a gradual leveling in the difference between pro- 
tected and unprotected plants. This difference was 
not entirely bridged, however, and a distinct gain 
appeared in the yield of dusted cotton. The gain 
was probably less than it would have been were 
moisture conditions more nearly normal, 

Laboratory experiments showed results which 
substantiated the field tests and also demonstrated 
an important temperature relationship. Four per 
cent chlordane dust killed 70 per cent of the adult 
weevils by the end of 24 hours under a constant tem- 
perature of 100° F. and 60 per cent of them under a 
temperature of 70° F. Dust containing 4 per cent 
gamma benzene hexachloride killed 100 per cent of 
the weevils under a constant temperature of 100° F. 
and 80 per cent of them under a temperature of 75° 
F. at the end of 18 hours. Dust containing 2 per cent 
gamma isomer killed 100 per cent of the weevils 
under a constant temperature of 100° F. and 60 per 
cent of them under a temperature of 75° F. at the 
end of 18 hours. 

It was observed that both dusts caused a knock- 
down from which there was some recovery. The ef- 


fect was most noticeable with benzene hexachloride 
All of the weevils were down by the end of 2 hours 
when treated with dust containing 4 per cent 
gamma isomer. From 40 to 60 per cent of them were 
down at the end of this time when treated with a 
2 per cent gamma isomer dust. Individuals which 
recovered after 24 hours appeared to have their 
usual vigor and showed no subsequent effects. Most 
of the weevils affected by chlordane were down at 
the end of 6 hours. Few of these recovered. Those 
which did recover, and those which never appeared 
to be affected, continued an activity comparable to 
the checks. 

Summary.—Field tests at Eufaula, Oklahoma, 
during the season of 1946 showed tale dust contain- 
ing 10 per cent by weight chlordane applied at the 
rate of 10 pounds per acre to be about as effective 
as calcium arsenate applied at the rate of 6 pounds 
ond acre in controlling the boll weevil. Benzene 

exachloride dust containing 5 per cent by weight 
gamma isomer applied at the rate of 10 pounds per 
acre was somewhat more effective than the chlor- 
dane or calcium arsenate dusts. 

Effectiveness of the control with insecticides de- 
creased as an overlapping of weevil generations re- 
sulted in a daily re-establishment or increase of the 
population. Final yields showed about the same gain 
in a field where calcium arsenate was applied one 
week after appearance of the first squares and each 
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week thereafter for a total of three applications as 
in a field where 5 dustings were wade throughout 
the season with each application delayed until 
after 25 per cent or more of the squares had become 
infested, despite the fact that the latter field had 
the lowest infestation. 

Laboratory experiments demonstrated that sus- 
poser ml of the boll weevil to benzene hexa- 
chloride increased as temperature was increased. This 
was true to a-lesser extent for chlordane. Dust con- 
taining 4 per cent gamma isomer was more toxic 
than dust containing 4 per cent chlordane concen- 
trate. 





Dusts for Protecting Seed Corn 
from Insects 


A. L. Hamner, Mississippi Agricultural 


Experiment Station,'* State College 


The producer of seed corn in the South is con- 
fronted with the difficult problem of protecting it 
from the attack of stored grain pests while it is in 
storage. This is particularly true where the rice 
weevil Stiophilus oryza (L.) is a major pest along 
with the Angoumois grain moth Sitotroga cerealella 
(Oliv.). A dust treatment which would eliminate 
the necessity of additional control measures after 
one fumigation is very desirable. Since only a limited 
amount of information is available on the value of 
dust treatments under southern conditions an experi- 
ment was started to determine the effectiveness of 
several dusts, Emphasis was placed on DDT dusts 
since Cotton, et al., (1945) had reported it to be very 
effective against several stored grain pests. Cotton 
and Frankenfeld (1945) stated that it did not affect 
the germination of wheat over a 12 month period. 
Since this work was started Farrar & Wright (1946) 
have published the results of an experiment in which 
several kinds of seed, including field corn, were 
treated with DDT dusts at a rate of one ounce per 
bushel. They state that “Seeds that had been 
treated with dusts containing 5 per cent, 10 per 
cent, and 20 per cent DDT grew satisfactorily when 
tested in a standard seed germinator.” Mixtures of 
DDT and several fungicides were included because 
of the economy of using a combined treatment. 

All the DDT dusts were mixed in the laboratory 
with a small ball mill type mixer, a technical grade 
of DDT being used. Three-hundred-gram samples 
of an open pollinated variety were treated with the 
dusts at a rate of one and one-half ounces per bushel. 
Three replicates were run of each treatment. The 
samples were placed in pint ice cream containers and 
exposed to an insect infestation consisting primarily 
of the rice weevil, Angoumois grain moth, and 
Indian-meal moth, Plodia interpunctella (Hbn.). 
Moisture determinations were not made; however, 
the percentage of undamaged kernels in the checks is 
indicative of the suitable conditions for the reproduc- 
tion and development of the insect infestation. 

The kernel examinations were made from 100- 
kernel samples taken from each replicate and fumi- 
gated after an exposure period of 223 days. The 
germination tests* were made after a period of 254 
days. They were run only on those treatments which 
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1 Contribution of the Department of Entomology, Mississippi 
Experiment Station. Published as Journal paper #135, New 
Series, with the approval of the director. 

2 In cooperation with the U.S.D.A., Bureau of Entomology 
and Plant Quarantine. 

* Courtesy Mississippi Department of Agriculture and Com- 
merce, Seed Testing Laboratory. 
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Table 1.—Effect of dust treatments on insect 
damage and germination of stored corn. 








PER 
CENT 
UnpamM- CENT 
AGED GERMI- 
KERNELS NATION 
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88.5 
66. 
85. 
96. 


.5% DDT in Pyrazx 
.0% DDT in Pyrax 
.0% DDT in Pyrax 
.0 % DDT in Pyrax 
.5% DDT in equal parts MgO 
and Pyrax 
.0% DDT in equal parts MgO 
and Pyraz 
2.0% DDT in equal parts MgO 
and Pyrazx 
3.0% DDT in equal parts MgO 
and Pyrax 
Pyrax 
MgO (pharmaceutical grade) 
Sulfur (dusting) 
Borax (20 Mule Team) 
CaCO; 
Spergon 
8% DDT in Spergon 
Semesan Jr’ 
3% DDT in Semesan Jr. 
New Improved Ceresan® 
3% DDT in New Improved Cere- 
san 
Arasan"™ 
8% DDT in Arasan 98. 
Sabadilla concentrate—50% _hy- 
lime 9. 
2% Ceresan® 56 
38% DDT in 2% Ceresan 97 
Check (exposed to insects) 13 
Check (not exposed to insects) 97 


84. 
95. 


So & © aooew 


90. 
96. 


PWOAROWRWORLH 


BOWS Kae 





4 98 per cent tetrachloro-para benzoquinone. 
5 1 per cent ethyl mercury phosphate. 
6 § per cent ethyl mercury Emons } 

7 50 per cent tetramethy! thiuramdisulphide. 

8 2 per cent ethyl mercury chloride. 
had a fairly high percentage of undamaged kernels. 

The 8 per cent DDT dusts gave excellent control 
in all cases regardless of the diluent used. The check 
material that was protected from insects had 97.6 
per cent undamaged kernels and a germination per 
cent of 96. The lowest average percentage of un- 
damaged kernels from any of the dusts containing 3 
per cent DDT was 95.3 with 95.2 per cent of the 
kernels germinating. A fairly high degree of control 
was obtained from the use of 0.5 per cent, 1.0 per 
cent, and 2.0 per cent dusts, but, with one exception, 
the variation that occurred between the per cent of 
undamaged kernels and per cent germination indi- 
cates that the smaller amounts of DDT were not as 
uniformly effective as is desirable for protecting seed 
corn. 

Under the conditions of this experiment none of 
the non-toxic materials was sufficiently effective to 
be considered of economic value for protecting seed 
corn from damage by insects. The pharmaceutical 
grade of magnesium oxide was used because it is the 
one most common in commerce. 

All the fungicidal dusts appeared to be compatible 
with DDT as far as the insecticidal properties of the 
dusts were concerned. Each of the fungicide-DDT 
mixtures gave excellent protection against insects 
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and did not affect the germination. When the fungi- 
cidal dusts were used alone, Arasan gave the best 
protection of the five tested. However, it was im- 
proved by the addition of 3 per cent DDT. 

SumMarY.—Dusts containing DDT protected 
corn from the attack of the rice weevil, Angoumois 
grain moth, and Indian-meal moth for a period of 
223 days. A 3 per cent dust was the most effective 
and did not affect the germination. Arasan, a fungi- 
cide, gave a high degree of protection. Mixtures of 
DDT and 5 fungicides were apparently compatible 
and did not affect the germination. 
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Comparative Toxicity of Benzene 
Hexachloride and DDT to Thrips 
on Cotton and Onions 


A. J. Cuapman, C. A. Ricumonp, and L. C. Fire,! 
U.S.D.A., Agr. Res. Adm., Bureau of Entomology 
and Plant Quarantine?® 


The onion thrips, Thrips tabaci Lind., was a seri- 
ous pest of cotton and onions in the Lower Rio 
Grande Valley of Texas during the early spring of 
1946. Large acreages of both crops were dusted wth 
DDT for the control of this pest. Field tests were 
conducted on seedling cotton at San Benito and on 
large green onions at Rio Hondo to compare the 
toxicity of benzene hexachloride and DDT to this 
species. The results of these tests are reported in this 
paper. 

MareriAts.—Benzene hexachloride was tested 
as a dust, and DDT both as a dust and asa spray. A 
factory-mixed product containing 50 per cent of 
benzene hexachloride in calcium sulfate and having 
a gamma isomer content of approximately 5.75 per 
cent was used. This mixture was further diluted with 
325-mesh dusting sulfur to obtain dusts of the de- 
sired strength. The DDT dust was also a commercial 
mixture, containing 5 per cent of DDT in sulfur. For 
the spray, 0.4 pound of technical DDT was dissolved 
in 0.75 pint of xylene and further diluted with water 
to the desired strength, 15 ml. of Triton X-100° per 
gallon of finished spray being used as the emulsifier. 

Mertuops.—Two series of tests were conducted, 
one on cotton and another on onions. For the tests 
on cotton 0,2-acre plots were arranged in randomized 
blocks in 3 fields. The treatments were replicated 4 
times in each of 2 fields and $ times in a third field. 
Each plot had 20 to 26 rows ranging in length from 
111.7 to 146.4 feet. For the tests on onions 0.1-acre 
plots were arranged in two randomized blocks in 
separate parts of the same field. Each treatment 
was replicated 4 times, and each plot contained 20 


1 Acknowledgment is made of the assistance given by Ivan 
Shiller and Ignacio Moreno in obtaining the field records. _ 

2In cooperation with the Texas Agricultural Experiment 
Station. 

4 An aralky] polyether alcohol. 
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fa 68.7 feet long. Untreated plots were used as 
checks. 

Two applications of each insecticide were made 
on cotton but only one on onions. The dusts were ap- 
plied with single-nozzle rotary .and dust guns and 
the sprays with single-nozzle hand sprayers. The 
applications were made early in the morning, when 
the plants were usually damp with dew and the air 
was for the most part calm. 

Infestation records were taken from plants col- 
lected in paper bags and taken to the laboratory for 
examination. The number of adult and nymphal 
thrips on 25 to 50 cotton plants and 10 onion plants 
from each plot was determined 24 hours and § to 6 
days after each application by striking the tops of 
the plants across the black rubberized surface of a 
steel table and counting the dislodged insects. 

Resutts.—The results of the two series of tests 
are given in table 1. The per cent reduction is based 
on the number of thrips counted on the treated 
plants as compared with similar counts made on the 
check plots. 

Tests on Cotton. There was a significant reduction 
in the thrips population 24 hours after both the first 
and oie + applications in all treatments. The spray 
gave significantly better control than the dust when 
technical DDT was applied at the same rate per 
acre, 

Twenty-four hours after dusting, 0.18 per cent 
gamma-benzene hexachloride gave about the same 
control as 5 per cent DDT-sulfur when applied at 
the rate of approximately 8 pounds of dust per acre. 

In general, the reduction in the thrips population 
was greater as the amount of benzene hexachloride 
per acre was increased. 

Within 5 to 6 days after treatment the thrips 
population had increased in all the plots. However, 
the increase was greater in the plots treated with 
benzene hexachloride than in those treated with 
DDT, and there was little or no increase in the 
check plots. Possibly the cotton in the check plots 
was so badly damaged that it was no longer suitable 
as a source of food for the thrips. The cotton in the 
treated plots was noticeably greener and more lux- 
uriant in growth than that in the check plots. 

Yield records were not made, but there was no 
apparent difference in the treated and nontreated 
plots in the three fields. There was no abnormal 
branching of the plants, which usually results from 
thrips injury if a heavy attack occurs on older plants. 

Tests on Onions. On onions all treatments gave a 
significant reduction in the thrips population 24 
hours and 5 to 6 days after application. This would 
indicate that the residual properties of both DDT 
and benzene hexachloride were effective longer on 
large onion plants than on cotton seedlings, prob- 
ably owing to greater protection from sunlight. 

Benzene hexachloride dust applied at the rate of 
0.56 pound of the gamma isomer per acre gave con- 
trol at least equal to thay given by DDT applied as 
a dust or a spray at the rate of 1.47 and 0.96 pounds 
per acre, respectively. A benzene hexachloride dust 
mixture containing 2.87 per cent of the gamma iso- 
mer gave significantly better control 5 to 6 days 
after treatment than a mixture containing 1.43 per 
cent of the gamma isomer when both dusts were 
applied at the rate of 20 pounds per acre. 

Puytoroxicity Trests.—Observations were also 
made to determine the phytotoxicity of benzene 
hexachloride and DDT to cotton seedlings and large 
green onions. There was no apparent damage to 
either of the plants when they were treated at the 
dosages shown in table 1. 
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Table 1.—Thrips infestation on see cag cotton and large onions following various treatments with 


DDT and benzene hexachloride, Lower 


o Grande Valley of Texas, 1946. 








TREATMENT 
(Figures wv Per Cent) 


MIxtuRE 
per ACRE 


24 Hours arrer 51706 Days arrer 
TREATMENT TREATMENT 


Thrips Ned Cent Thrips Per Cent 


B wel duc- = Reduc- 
lant “— Plant tion 


Pounps 
Pounps or DDT 
or GaL- OR 
LONS OF GaMMA 
IsoMER 
PER AcRE 








Tests on cotton—first application (11 plots) 


Dusts 
DDT 5, sulfur 85, inert material 10 
Benzene hexachloride: 
25 (gamma isomer 2.87)+ calcium sulfate 25 in sulfur 
: (gamma isomer 0.72) +calcium sulfate 6 in sulfur 
5 Semmes 5 isomer 0.18) +calcium sulfate 1.5 in sulfur 
Spray: T-xylene ane 
Cc (no treatment) 


Minimum difference required for significance at 5 per cent level 


12.4 0.62 


7.2 0.21 
0.07 
0.01 
0.40 


bliltin 8 


Tests on cotton—second egoliaation ql gle ts) 


DDT 5, sulfur 85, inert material 10 
Benzene hexachloride: 
25 amend isomer 2.87) +calcium sulfate 25 in sulfur 
6 (gamma isomer 0.72) +calcium sulfate 6 in sulfur 
1.5 5 pees: npn 0.18) +calcium sulfate 1.5 in sulfur 
om Pe xlyene emulsion 
(no treatment) 

Minimum difference required for significance at 5 per cent level 


0.42 


0.23 
0.06 
0.01 


0.46 


Tests on onions (4 plots) 


Dusts: 
DDT 5, sulfur 85, inert material 10 
Benzene hexachloride: 
25 (gamma isomer 2.87) + calcium sulfate 25 in sulfur 
12. J i amma isomer 1.43) +calcium sulfate 12.5 in sulfur 
Fi, we DT-xylene emulsion 
Cc (no treatment) 


Minimum difference required for significance at 5 per cent level 





1 A few thrips present in sample but the average was less than 0.5 thrip per plant. 


Additional tests with benzene hexachloride were 
conducted on young cotton plants with four to six 
leaves per plant. A dust containing 5.75 per cent of 

e€ gamma isomer was applied six times at about 
5-day intervals. The applications were made early in 
the morning, when the plants were usually wet with 
dew and the air was generally calm. The dust was 
applied at the rates of 8, 16, and 32 pounds per acre, 
the nozzle of the hand dust gun being placed directly 
over the plants. 

Light to severe burning was evident on all the 
plants, the degree of burning being Breater as the 
amount of benzene hexachloride per acre was in- 
creased. No burning of foliage was observed from 
applications made when the plants were dry, re- 
gardless of the dosage. 

The average number of bolls per plant (100 plants 
examined per treatment) 27 days after the last ap- 
plication was 9.2, 9.5, and 6.7 from the treatments 
with 8, 16, and 32 pounds per acre, respectively, the 
check averaging 10 bolls per plant. The number of 
squares per plant was about equal for all] the treat- 
ments, averaging 22.7, 21.6, 21.2 for the three dos- 
ages and 19.8 for the check.—4-16-47. 





Tests for Synergism in Paired Mix- 
tures of Nicotine, Nornicotine, 
and Anabasine 
E. H. Sreaier and C. V. Bowen, U.S.D.A., 


Agr. Res. Adm., Bureau of Entomology and 
Plant Quarantine 


Comparative toxicity tests of nicotine, nornico- 
tine, and anabasine (Siegler and Bowen 1946) 
showed nicotine to be considerably more toxic than 
either anabasine or nornicotine to newly hatched 


Table 1.—Toxicity to codling moth larvae of 
paired mixtures of nicotine, nornicotine, and 
anabasine in comparison with the individual 
alkaloids. 








Per CENT OF 
APPLE PLucGs 





Test MATERIAL Wormy Stung 





Nicotine 31 4 
21 8 
24 18 
25 8 


Nornicotine 76 
79 
79 
78 


Anahasine 81 
79 
80 


Nicotine 60 
Nornicotine { 64 

62 
Nicotine \ 61 
Anabasine{ 


Anabasine \ 80 
Nornicotinef 


Check (distilled water) 79 
98 
96 








s 


Pri idias 


tigi 
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larvae of the codling moth, Carpocapsa pomonella 
(L.). Since nicotine and nornicotine occur together 
in tobacco and in commercial nicotine products, and 
anabasine and nicotine have been mixed for com- 
mercial insecticide use, the possibility of synergistic 
action of these alkaloids on each other arose. 

In this study aqueous solutions of nicotine, 
nornicotine, and anabasine were tested separately 
at a concentration of 0.05 per cent. The paired solu- 
tions of the mixed alkaloids consisted of 0.025 per 
cent of each component. The alkaloids were pre- 
pared according to the method described by Siegler 
& Bowen (1946). 

The toxicity tests were made by the apple-plug 
method, one ready-to-hatch codling moth egg being 
used for each plug. From 101 to 107 apple plugs were 
used for each test. 

The results, as given in table 1, confirm the 
previously reported greatex toxicity of nicotine, but 
fail to show any synergism in any of the three pairs 
of alkaloids: nicotine-nornicotine, nicotine-anabas- 
ine, and nornicotine-anabasine. 
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Mass-Culture Technique for 
Dibrachys cavus 


Ricuarp L. Dourt and GuiEenn L. Finney, 
University of California, Albany 


Dibrachys cavus (Walker) may be reared econom- 
ically in quantity under controlled conditions by em- 
ploying a technique which includes (1) the efficient 
use of the parasite stock, (2) a minimum amount of 
handling, and (3) an effective separation of host and 
parasite material. This method for the mass-culture 
of Dibrachys is described as follows: The stock of 
parasites is maintained in shallow wooden boxes 
fitted with tight cloth covers. These Dibrachys con- 
tainers were made from the egg deposition boxes 
described by Finney et al., (1947) for the propaga- 
tion of potato tuberworms. The conversion was 
accomplished simply by stretching a cloth across the 
top and taping it tightly around the edges. The adult 
Dibrachys are put into each container through the 
l-inch hole in the end and additional parasites are 
added daily in order to maintain the population of 
active females. These Dibrachys containers serve as 
parasitization units. 

Mature larvae of Gnorimoschema operculella are 
used as hosts for Dibrachys. These larvae are col- 
lected in quantity by first permitting them to 
cocoon in sand on the cocooning plates placed 
within the electric barrier (Finney et al. 1947) and 
then freeing them from their cocoons by processing 
with sodium hypochlorite solution as described by 
Bartlett & Martin (1945) and also by Martin & 
Finney (1946). The larvae thus collected are im- 
mediately immersed in a hot water bath (155° F.) 
for 2 minutes. This water bath also contains par- 
affin wax with a low melting point (48° C. to 47° C.) 
and a blood albumin spreader. A somewhat similar 
method was used by Theron (1945) to condition 
larvae of the codiing moth for attack by ectopara- 
sitic ichneumonids. When the larvae are removed 
from the water bath they are spread on wooden- 
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framed, cloth trays about 40 by 20 inches. These 
trays are placed upon the cloth covers of the para- 
sitization units and are then dampened. Upon dry- 
ing, the cloth of the units and the cloth of the trays 
seal together. The Dibrachys females oviposit readily 
through the two layers of cloth, which deter them no 
more than the silken wall of any host cocoon. The 
host larvae, although killed by the hot water treat- 
ment and coated with paraffin wax, remain attrac- 
tive to the parasites. 

The cloth trays containing the parasitized host 
larvae are removed from the parasitization units, 
daily. These are held for 14 days at a constant 
temperature of 82° F. At the end of 14 days the 
Dibrachys have consumed their hosts and have de- 
veloped to the mature pupal stage. The Dibrachys 
pupae are separated from the remaining host mate- 
rial by sifting through a 16 mesh wire screen. 

Refinements of this technique are being investi- 
gated and will be reported upon when more quan- 
titative data are available.—2-24-47. 
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Synergism in Pyrethrum—Piperonyl 
Cyclohexenone Roach Powders 


P. G. Prquett, R. H. Netson, and E. R. 
McGovran,! U.S.D.A., Agr. Res. Adm., 
Bureau of Entomology and Plant 
Quarantine 


Gersdorff & Gertler (1944) and McGovran & Fales 
(1944) have reported on synergists for pyrethrum 
studied at the Beltsville, Md., laboratory of the 
Bureau of Entomology and Plant Quarantine. At 
this laboratory various compounds have been tested 
in pyrethrum roach powders in connection with the 
investigations on synergists. A trade product desig- 
nated as Piperonyl Cyclohexenone, consisting of a 
mixture of two compounds and other condensation 
products, gave encouraging results in preliminary 
tests. The results of an experiment with this mate- 
rial are reported here. 

A pyrethrum concentrate containing 16.44 per 
cent of pyrethrins, weight by volume, was used. The 
required quantities of this extract and of the 
Piperonyl Cyclohexenone were dissolved in acetone 
and impregnated on fuller’s earth. The mixture was 
evaporated to dryness and passed through a 200- 
mesh screen. The testing technique was the same as 
described by McGovran & Piquett (1946) except 


Transferred from this Bureau on November 4, 1946. 
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Table 1.—Mortality of adult females of Peri- 
planeta americana exposed to dusts containing 
pyrethrins and Piperonyl Cyclohexenone, alone 
and in various combinations. 








MortTatity 
In 10 


Piperonyl 
Days 


PYRETHRINS Cyclohexenone 





Per Cent Per Cent 
0.3 


0 5 
0.3 83 
0.3 ‘ 98 
0.3 ‘ 63 
0.15 77 
0.15 : 45 
0.15 , 27 


Per Cent 
2 





Difference required for significance 
at odds of 19:1 28 





that heavy kraft paper was snugly fitted into the 
bottoms of the large crystallizing dishes. These large 
dishes are 9 inches in diameter. A circle 4.87 inches 
in diameter was drawn on the kraft paper. The dust 
to be tested was evenly distributed within this circle, 
a 30-mg. dose being used in all cases. This dusted 
area was then covered with an inverted crystallizing 
dish having the same diameter as the circle. The 
roaches were. placed in the undusted area around 
this dish, as were food and water. After the insects 
had become quiet, the inverted dish was carefully 
removed. Fifteen adult females of the American 
cockroach, Periplaneta americana (L.), were used in 
each test, or a total of 60 roaches for each material 
in the experiment. 

The data obtained are summarized in table 1. The 
kill resulting from the dust containing 0.3 per cent 
of pyrethrins alone was lower than expected. The 
dust containing 3.0 per cent of Piperonyl Cyclo- 
hexenone alone was of low toxicity. Mortalities ob- 
tained with the various mixtures that were tried gave 
definite evidence of synergistic effect. The desirabil- 
ity of testing such combinations under practical 
conditions is indicated.—38-27-47. 
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Further Experiments in the Parasitiza- 
tion of Mealybugs 


D. W. Cuancy and H. N. Pottarp, U.S.D.A., 
Agr. Res. Adm., Bureau of Entomology 
and Plant Quarantine 


A previous article (Clancy 1944) reported the re- 
sults of laboratory tests during 1942 with the Com- 
stock mealybug, Pseudococcus comstocki (Kuw.), as 
a possible host of several internal parasites of other 


JOURNAL OF Economic ENTOMOLOGY 


“ol. 40, No. 4 


mealybugs. The results of additional tests, in which 
various species of mealybugs and parasites were util- 
ized, are s ized herein. Where specific para- 
sites of injurious mealybugs are unknown, or where 
attempts at biological control have been unsuccess- 
ful, extensive tests of this nature may disclose spe- 
cies worthy of further investigation under field con- 
ditions. 

In 1948 a breeding stock of Allotropa utilis Mues. 
was furnished by the Dominion Parasite Labora- 
tory, Belleville, Ontario, Canada, for laboratory 
tests at Charlottesville, Va. This minute serphoid is 
an important solitary parasite of P. aceris 
Sign., infesting apple in Canada. A total of 390 
adults, including approximately 200 females, were 
introduced into battery jars containing young 
nymphs of the following mealybug species, which 
had been cultured on sprouted potatoes: Pseudococ- 
cus comstocki (Kuw.), P. maritimus (Ehrh.), P. citri 
(Risso), P. adonidum (L.), P. (Ferrisia) virgatus 
(Ckll.), and Phenacoccus gossypii (Towns. & Ckll.). 
No progeny of A. utilis were reared from any of the 
above-named hosts, and it is therefore assumed that 
this species will not develop as a parasite of these 
mealybugs. 

Stocks of Chrysoplatycerus splendens (How.) and 
Zarhopalus sheldoni Ashm., solitary parasites of 
Pseudococcus maritimus in California, were obtained 
for experimentation through the courtesy of H. S. 
Smith, of the University of California Citrus Ex- 
periment Station, Riverside, Calif 

Initial attempts to propagate Chrysoplatycerus 
splendens on immature nymphs of the Comstock 
mealybug in battery-jar cultures resulted in a rapid 
decline of breeding stocks, but when adult females 
were used as hosts increases of 2.9 to 4-fold! were ob- 
tained. However, as only 383 to 42 per cent of the 
progeny were females, it was impossible to increase 
stocks of this sex by more than about 50 per cent per 
unit -generation. Consequently, work with this spe- 
cies was abandoned, since an extensive breeding 
program would have been required to propagate 
sufficient numbers of females for adequate field lib- 
eration. Although C. splendens was reared in greater 
numbers from Pseudococcus maritimus, the ratio of 
females was even lower than when it was propagated 
on P. comstocki. 

Zarhopalus sheldoni was propagated successfully 
as a parasite of the Comstock mealybug, particularly 
when large nymphs and adult females were furnished 
as hosts. Under optimum conditions an average in- 
crease of 5.3 fold was obtained per unit-generation, 
of which 55.4 per cent were females. It was thus 
possible to increase female stocks of Z. sheldoni 
about 3-fold per generation on this new host. Total 
production was increased further by using each fe- 
male in several successive cages with exposure pe- 
riods of about 7 days each. Although 7622 Z. shel- 
doni were propagated at Charlottesville and released 
in 12 Virginia apple orchards during 1944 and 1945, 
only a few adults were recovered during the seasons 
of release, and as yet there is no evidence that this 
species has become established as a parasite of the 
Comstock mealybug. 

In comparative tests with Pseudococcus maritimus, 
its normal host, Zarhopalus sheldoni showed an aver- 
age 13.2-fold increase, of which 44 per cent were fe- 
males. Although the ratio of female progeny was 
lower than that obtained when this parasite was 
propagated on P. comstocki, nearly twice as many 


1 Total adults reared from the females introduced. 
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Table 1.—Parasitization of mealybugs with Pseudaphycus mundus in the laboratory. 
































Aputt Parasites Emercep 
Per Cent Females 
or Hosts Males, Fold 
Host SPECIES PARASITIZED Number Per Cent Number Increase 

Pseudococcus adonidum 59.5 278 73.2 102 19.0 
Phenacoccus gossypri 23.0 15 33.3 30 2.3 
Pseudococcus comstocki 8.0 8 25.8 23 1.6 
Pseudococcus citri 2.5 0 0 1 0 
Pseudococcus maritimus 0 0 0 0 0 











females (5.8-fold increase) were reared per unit- 
generation. Exploratory tests with 5 other mealybug 
species indicated that Z. sheldoni will «lso develop 
readily as a parasite of P. adonidum. Only a few 
progeny were obtained in tests with Pseudococcus sp. 
on oak, and with another species of Pseudococcus 
from grass roots; P. virgatus and Phenacoccus gos- 
sypit were entirely immune to parasitization. 

A series of quantitative tests was also conducted 
with Pseudaphycus mundus Gahan, an important 
parasite of the gray sugarcane mealybug, Pseudo- 
coccus boninsis (Kuw.). The breeding stock was furn- 
ished by J. W. Ingram, of the Bureau of Entomology 
and Plant Quarantine’s Sugarcane Insect Labora- 
tory at Houma, La. This species was then thought to 
be Pseudococcobius terryi Fullaway, which had been 
introduced into Louisiana from Hawaii in 19382. The 
original description of Pseudaphycus mundus and an 
account of its confusion with Pseudococcobius terryi 
are given by Gahan (1946). 

In each of the duplicated comparative tests with 
Pseudaphycus mundus, 10 mated female parasites 
were placed in a 1- by 5-inch vial containing 100 
adult female mealybugs. Several weeks later all 
mummified hosts were removed, counted, and in- 
dividually isolated for emergence. The results are 
shown in table 1. 

Although Pseudaphycus mundus readily attacked 
all 5 mealybug species, Pseudococcus maritimus was 
entirely immune to parasitization, Pseudococcus 
citri was nearly immune, and Pseudococeus com- 
stockt and Phenacoccus gossypii showed considerable 
resistance. Reproduction increased 19-fold and the 
ratio of females was highest with Pseudococcus adon- 
idium as host. As a result of these tests, which indi- 
cate that P. adonidum is well adapted to parasitiza- 
tion by Pseudaphycus mundus, breeding stocks of the 
parasite were sent to southern California, where 
Pseudococcus adonidum has recently become a 
troublesome pest of citrus in sections of Los Angeles 
and Orange Counties. Extensive mass breeding and 
colonization activities are now under way in Cali- 
fornia in an attempt to establish Pseudaphycus 
mundus as a parasite of this mealybug. 

Pseudaphycus mundus also oviposited readily in 
Pseudococcus (Ferrisia) virgatus and in a species of 
Pseudococeus from grass roots, but progeny were ob- 
tained only from the latter. 

_Two species of South American parasites of the 
pineapple mealybug, Pseudococcus brevipes (Ckll.), 
were furnished in 1946 by Walter Carter and Carl T. 
Schmidt, of the Pineapple Research Institute of 
Hawaii. From these shipments 75 adult females of 
Hambletonia pseudococcina Compere and 60 of Ana- 
gyrus sp., possibly coccidivorus Dozier, were utilized 
in laboratory tests with the following species of 
mealybugs: Pseudococcus comstocki, P. maritimus, P. 








adonidum, P. citri, P. virgatus, P. sorghiellus (Forbes) 
P. dentatus Lobdell,! Phenacoccus gossypii, a Tri- 
onymus sp. from hickory; and 2 as yet unidentified 
species from grasses. No progeny of HH. pseudococcina 
were reared in any of these tests, and oviposition was 
attempted only in one of the grass mealybugs. A 
single adult of Anagyrus emerged from the same spe- 
cies of grass mealybug. Oviposition by Anagyrus sp. 
in Pseudococcus sorghiellus, P. dentatus, and Trio- 
nymus sp. was also observed. All of the 11 mealybug 
species tested were either unattractive as hosts or 
highly resistant to parasitization by H. pseudococ- 
cina and Anagyrus sp. 


LITERATURE CITED 


Clancy, D. W. 1944. Experimental parasitization 
studies with the Comstock mealybug. 
Jour. Econ. Env. 37: 450. 

Gahan, A. B. 1946. Eight new species of chalcid- 
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1 Tentative identification by Harold Morrison; subject to 
change with further study. 
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Control of Insects Affecting Alfalfa 
Seed Production in Wisconsin’ 


J. T. Mepuer and J. M. Scuorz? 


Experiments were conducted in Wisconsin during 
1945 and 1946 in order to evaluate DDT and lime- 
activated sabadilla* for the control of insects that 
affect alfalfa seed production. Experimental plots 
were located at the University Hill Farm, Madison, 
and in several counties of the state, particularly in 
the major seed-growing area south of Green Bay 
and between Lake Winnebago and Lake Michigan. 

Fields were selected on the basis of accessibility 
for treatment, uniformity of stand, and elevation or 
slope favorable for the study of seed production. At 
the University Hill Farm some experiments were 
conducted on first growth alfalfa, but the majority 
were made on second growth alfalfa. The insecticides 
were applied to plants in the pre-bloom stage of 
growth. A bellows type knapsack duster was used 
in 1945, and a Niagara 6-nozzle duster in 1946. 
Sprays were applied in 1945 with a knapsack type 


1 This work was supported in part by a grant from the Wis- 
consin Alumni Research Foundation. : : f 

2 Assistant Professor and Research Assistant respectively in 
the Departments of Economic Entomology & Agronomy, Uni- 
versity of Wisconsin. 

8 insecticides used in 1946 were provided through the 
courtesy of McConnon and Company, Winona, Minnesota. 
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Table 1.—Seed yields and average numbers of mirids and leafhoppers in first growth alfalfa plots 
treated with insecticides at the University Hill Farm, Madison—1945 and 1946. 











INsEcTS PER SWEEP OF Pounps 

Net (14” in 1945, oF SEED 

TREATMENT Date anp Rate 12” 1n 1946)! PER ACRE 

Mirids Empoasca 
fabae 
DDT dust 10 per cent in pyrophyllite June 16, 1945 @25 lbs./acre 1.13 2.25 41 
DD'T—40.5 lbs, in 100 gal. water June 16, 1945 @100 gal./acre 1.21 1.97 44 
Untreated check 1945 5.64 5.29 16 
DDT-sabadilla dust, 2.5 percent DDT June 11 & July 12, 1946 91 01 118 
—65 per cent sabadilla in pyrophyllite @40 lbs./acre 

Same June 11, 1946 @40 lbs./acre 5.45 33 94 
Untreated check 1946 10.14 1.5 29 





1 1945 average obtained from 24 sweeps per 


t on dates 6/18, 6/25, 7/3, 7/10, 7/20, 7/27. 1946 average obtained from 100 sweeps 


per plot; twice treated plot on dates 7/15 and 7/26, once treated. plot and check on dates 6/21, 6/28, 7/15, 7/26. 


sprayer in the small plots and with a power-driven 
sprayer with 12 nozzles on the larger plots. 

In 1945 the seed yields in plots were obtained by 
taking at random, six square yard samples from 
each plot. In 1946 a single sample 34 inches wide and 
100 feet long was taken. These samples, which repre- 
sented from 2 to 7 per cent of the entire plot areas, 
were thought to be large enough to reduce materially 
the error caused by plant and soil variability, but 
smal] enough to be handled efficiently. The samples 
were run through a thresher and cleaned and re- 
cleaned before weighing. Yields were calculated on 
the basis of pounds of seed per acre. 

Insect populations in the plots were estimated by 
sweeping with an insect net. All counts were con- 
verted to the number of insects per sweep. The 14- 
inch net used in 1945 was replaced with a 19-inch 
net in 1946 so that the data taken in one year are not 
exactly comparable with those from the other year. 
The insects studied were Lygus oblineatus (Say), 
Adelphocoris lineolatus (Goeze) and A. rapidus 
(Say), since these mirids have been found by previ- 


Table 2.—Seed yields and average numbers of 
mirids and leafhoppers in second growth alfalfa 
plots treated on July 18 with spraysof 0.5, 1, and2 
Ibs. of DDT per acre on a farm near Oregon, Wis- 
consin—1945. 











INSECTS PER SWEEP PovuNnps 
oF A 14 IncH oF SEED 
TREATMENT! Insect Net® PER AcRE* 
Mirids Empoasca 
fabae 
DDT— 
2 lb./acre 1,24 .98 48 
DDT— 
1 Ib./acre 2.28 1.54 34 
DDT— 
0.5 lb./acre 2.52 2.28 19 
Untreated 
Check 5.10 10.06 6 





150% wettable DDT at 4, 2, and 1 Ib. per 100 gal. at 100 


? Average obtained from 48 single sweeps per plot on dates 
7/23, 7/26, 8/7, 8/23. 
3 There is a significant difference between the treated plots and 


ous investigations to be important factors in seed 
production (Hughes 1948; Sorenson & Carlson, 
1946). Empoasca fabae (Harris) was studied since it 
is also economically important in alfalfa fields in 
Wisconsin. 

The data from experiments in 1945 and 1946 on 
first growth alfalfa at the University Hill Farm 
are summarized in table 1. Results for both years 
show that increases of seed yields were obtained 
with applications of DDT. 

The counts of mirids and leafhoppers show that 
the average number of insects in the untreated plots 
was higher than in the treated plots. No great dif- 
ferences were found in 1945 between the average 
numbers in the sprayed and in the dusted plots and 
this seems to be consistent with the very similar 
seed yields that were obtained. In 1946, the plot 
treated twice showed fewer insects than the plot 
treated only once, and this difference appears to be 
correlated with the higher yield obtained in the 
twice-dusted plot. 

Trials on second growth in 1945 were made on a 
farm at Oregon, Wisconsin, about ten miles south of 
Madison. DDT sprays in applications of 0.5, 1, and 
2 lbs. of DDT per acre were compared. The stand of 
alfalfa was intermixed with annual weeds and Can- 
ada thistles so that high seed yields were not ex- 
pected. Quarter-acre plots of each spray treatment 
and an untreated check were laid out in four replica- 
tions. A summary of the seed yields obtained is 
given in table 2. The insect counts and seed yields 
show that progressively better control was obtained 
with higher concentrations of DDT. 

The experiments in 1946 with second growth 
alfalfa seed were made in six fields located in five 
counties of the state. Each treated field was limited 
to a rectangle about 4 acres in area. Plot widths 
were either 27 or 36 feet, i.e., in multiples of the 9- 
foot width of the boom of the dusting machine, The 
length of the plots in different fields varied from 150 
to 400 feet. Randomized blocks of 4 treatments in 3 
replicates were laid out in each field. 

The treatments consisted of an untreated check 
and the following mechanical-mix dusts, al] contain- 
ing Pyrax ABB as a carrier: 

(1) 5 per cent DDT 

(2) 10 per cent sabadilla 

(3) 2.5 per cent DDT and 5 per cent sabadilla. 

The entire area of each plot was treated. The drift 
of dusts was minimized as much as possible and seed 
samples were taken longitudinally through the mid- 
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Table 3.—Summary of average yields of alfalfa seed in experimental plots dusted with 5 per cent 
DDT, 10 per cent sabadilla, and a mixture of 2.5 per cent DDT and 5 per cent sabadilla—1946. 








Las. PER ACRE 





CLEANED SEED, Lps. PER ACRE 


























LOcATION— DaTE Saba- Saba- Mix- 
County Dustep DDT dilla Mixed Harvestep DDT  dilla ture Check 
July 
Calumet 24 29 36 32 Oct. 20 36 32 42 20 
Manitowoc 24 42 48 45 Oct. 10 49 37 51 46 
Manitowoc 25 43 48 46 Oct. 11 19 15 22 ll 
Outagamie 20 54 67 47 Sept. 26 257 238 270 187 
Sheboygan 25 32 36 34 Oct. 10 30 25 38 22 
Jefferson 22 46 53 50 Sept. 30 29 21 41 29 
STATISTICAL ANALYSIS 
Source of Variation D. F. Mean Square F Value 

Treatment 3 2,064 3.81* 

Location 5 87,122 160.74** 

Treatment X location 15 542 $.7°* 

Replicate within location 12 2,246 15.4** 

Error 35 146 
Total 70 
DDT Sabadilla Mixture Check 
Treatment Totals in Pounds of Seed 
1252 1104 1389 941 





Difference required for significance: Between treatment totals at 5 per cent—283.6 Ibs. 


dle of each plot in order to reduce the overlapping 
and border effect of the various treatments. 

A summary of the data obtained in the 1946 ex- 
periments is given in table 3. There was considerable 
variation in the yields of seed among different areas. 
Wisconsin experienced drought conditions in the 
latter part of the summer and this may have been 
partly responsible for some of the variation, since 
soils in different locations had different water-hold- 
ing capacities. Most of the treated plots produced 
more seed than the checks. In all cases the yields of 
plots treated with insecticides containing DDT were 
better than those of sabadilla-treated and check 
plots. A statistical analysis of the total yields of the 
6 locations show, that the difference between the 
DDT treated and untreated plots was significant. 

SumMARY.—Experiments conducted by the Wis- 
consin Agricultural Experiment Station in 1945 and 
1946 show that increased yields of alfalfa seed were 
obtained by the use of insecticides containing DDT 
or sabadilla or both. These insecticides improved the 
condition of alfalfa for seed production by reducing 
the number of leafhoppers, Lygus and Adelphocoris 
bugs that injure the plants. 

The most effective insecticides among those tested 
in 1946 were a 5 per cent DDT dust and dust mix- 
ture containing 2.5 per cent DDT and 5 per cent 
sabadilla (lime-activated). Both dusts were me- 
chanically mixed with Pyrar ABB as a carrier. The 
rate of application was approximately 40 lbs. of dust 
per acre. Only one application in the late bud stage 
of plant growth was used. It is considered important 
that the insecticide be applied before the plant is in 
full bloom in order to reduce the risk of killing in- 
sects necessary for pollination.—3-27-47. 
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Life History of the Diamondback 
Moth? 


Fioyp D. Miner,’ Department of Entomology, 
University of Arkansas, Fayetteville 


The cabbage worm problem in Arkansas has be- 
come one of major concern because of a large in- 
crease in acreage of crucifers, especially mustard, 
turnips, and cabbage. The diamondback moth, 
Plutella maculipennis (Curt.), known primarily as a 
cabbage pest, includes in its host range a number of 
these vegetable crops largely new to Arkansas agri- 
culture. While serious injury from this species in the 
past has been infrequent, possibly because of 
parasitism, it must be considered along with other 
more consistently injurious species because of its 
ability to build up its numbers with extreme rapid- 
ity. 

1 Research Paper No. 855 Journal Series, University of 
Arkansas. Published with the permission of the director of the 
Arkansas Agricultural Experiment Station. 

2 William H. Daniel, student assistant, performed much of 
the routine rearing work. 
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Life history studies by Marsh (1917) and Hardy 
(1938) have contributed to a biological basis for 
control procedures. The former work does not in- 
clude the effects of temperature. The latter study, 
conducted in England, was under conditions of con- 
stant temperature and humidity. In the present 
work principal attention has been given to duration 
of the various stages under conditions of fluctuating 
temperatures similar to those encountered in the 
field, the individual variation to be expected, and the 
effect of different food plants on the larvae. 

Metuops.—The rearing work was carried on in a 
shaded portion of a greenhouse during the winter 
months. Temperatures were recorded by means of a 
thermograph. 

Rearing methods were designed to allow observa- 
tion of isolated individuals throughout their life 
cycle. Single pairs of moths were confined in ovi- 
position cages made of 22 by 95 mm. shell vials. The 
vial was lined on the inside with semitransparent 
paper, and was closed by means of a cork stopper 
stained black to facilitate observation of eggs. A 
quarter inch hole was bored through the cork and 
then plugged with absorbent cotton. Feeding of the 
moths was accomplished without opening the vial 
by saturating this cotton with dilute honey. E 
were deposited for the most part on the removable 


Table 1.—Effect of temperature on longevity 
of Plutella maculipennis in greenhouse. Fayette- 
ville, 1945. 

















MEAN 
TempPera-| Num- Loncevity, Days 
TURE BER |- 
DEGREES Fr- Maxi- | Mini- 
F. MALES | mum | mum Mean 
74 3 8 Q 6.0+3.5 
76 19 14 4 8.6+3.1 
78 10 14 2 6.8+3.8 
80 15 11 3 6.0+2.8 














1 Standard deviation. 


paper lining. Those deposited on the exposed glass 
were counted but were not used for incubation. After 
being counted they were destroyed with a test tube 
brush. A few were deposited on the cork stopper 
where they were counted and then destroyed by 
brushing. 

The paper on which the eggs were attached was 
cut into sections bearing the desired number of eggs, 
a label was writien directly on the paper, and the sec- 
tion was pl in a loosely covered jelly glass for 
incubation. The bottom of the jelly glass was covered 
with plaster of paris kept nearly saturated with 
water. A leaf of the food plant was placed over the 
plaster of paris bottom and the egg papers placed 
on the leaf. This allowed hatching larvae to move 
directly from the paper to the food | supply. Hatched 
eggs were colseked daily and young larvae were re- 
covered from the leaf. 

Larvae were reared in an adaptation of the same 
type of shell vial as was used for oviposition. A cork 
stopper was pushed completely into the vial until it 
was about 1.5 inches below the top. A thin layer of 
plaster of paris was then poured over the stopper. 
Only this smal] upper chamber of the vial was used. 
A .625 inch dise was cut from a food plant leaf by 
means of a cork borer and the disc dropped onto the 
plaster of paris, which was kept nearly saturated 
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Table 2.—Effect of temperature on oviposition 
of Plutella maculipennis in greenhouse. Fayette- 
ville, 1945. 


























MEAN 
Tempera-| Num- | NumsBer Ecos Deposirep 
TURE BER | ——--_—_--—__-_-——-- 
DEGREES Fr- Maxi- | Mini- 
? MALES | mum | mum Mean 
74 3 205 49 118+81.7! 
76 19 332 2 140+93.5 
78 10 285 10 125+95.8 
80 15 134 24 85+ 40.0 
1 Standard deviation. 


with water. The larva was placed upon the leaf. 
The cage was closed with a cork stopper having a 
quarter inch hole which was loosely plugged with 
cotton. Food was changed daily. When pupation oc- 
curred, the food material was removed and the vial 
set aside until the adult emerged. 

This method of rearing proved very satisfactory 
for individual records. Keeping the leaf on moist 


plaster of paris preserved its fresh condition very . 


well for at least 24 hours, and ventilation through 
the stopper prevented condensation of moisture on 
the walls of the cage which might entrap young larvae. 

Thermograph records were converted into a mean 
for each day based on the temperature at 2-hour 
intervals. The mean temperature undergone by each 
insect during the rearing period was po rhe from 
these daily means and arbitrarily rounded to the 


Table 3.—Effect of temperature on duration of 
egg stage of Plutella maculipennis in greenhouse. 
Fayetteville, £945. 




















MEAN DuRrRaTION oF Eaa Stace, 
TEMPERA- Days 
TURE Num- |——— 
DEGREES BER Maxi- | Mini- 
F. Eees | mum | mum Mean 
76 78 4 3 3.1+ .32! 
78 65 4 2 2.8+.90 
80 127 3 Q 2.6+ .51 
82 23 2 2 | 2.0+.00 














1 Standard deviation. 


nearest even number. Each individual was then 
classed with others reared at a similar mean tempera- 
ture, whether reared during the same period of time 
or not. 

Aputt Stace.—The adults are relatively quiet 
during daylight hours, although they fly readily if 
disturbed. A typical resting place is the underside 
of plant foliage. Activity begins near dusk. 

In these experiments the adults were quite short- 
lived, living an average of only about 7 days (Table 
1). The pre-oviposition period averaged 2.7 days, 
ranging from 1 to 10 days. Most commonly the pre- 
oviposition period was 1 or 2 days. 

Generally the largest number of eggs was de- 
posited the first day of oviposition. The rate of de- 
position steadily declined thereafter until death oc- 
curred. An average of 117.5 eggs were deposited by 
each female under all conditions of the experiments, 
with extreme individual variation. A summary of 
this information appears in table 2. . 
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An instance of what apparently was sterilization 
by heat was encountered. Seven females while in the 
pupal stage underwent maximum temperatures of 96 
and 98° F. on successive days. Of 667 eggs deposited 
by these females almost all were infertile. Normally 
about 20 per cent of the eggs were infertile. These 
temperatures did not seem to affect the number of 
eggs deposited. 

The sex ratio among reared material was exactly 
2 to 1 in favor of females. Of 129 adults reared from 
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three to eight days depending on temperature. 
Maximum temperatures of 96° and 98° F. had no 
observable ill effect on the pupae themselves, al- 
though the resulting females were nearly sterile. 
Pupation data are summarized in table 5. 


Table 5.—Effect of temperature on duration of 
pupal stage of Plutella maculipennis in green- 
house. Fayetteville, 1945. 
































egg to adult 43 were males while 86 were females. Mzan | . ' 

Eee Stace.—The egg stage is of brief duration, eaten gg es a a 
occupying from 2 to 4 days at mean temperatures of TURE Num- aah: 
75 to 80° F. Eggs were examined for hatching once Decrees'| Ber | Maxi-!| Mini- 
daily. Had a high degree of accuracy been desired F. Porae’| toam | mum Meni 
for this short period, several examinations daily 
would have been necessary. Table 3 presents a sum- 66 1 8 8 8.0+ .00! 
mary of incubation data. 68 i 7 6 6.3+ .47 

70 T+. 

Table 4.—Effect of tcmperature on duration of 72 «| - M : pe - 
larval stage of Plutella maculipennis, reared on Wee: ar 5 4 4.14.35 
mustard in greenhouse. Fayetteville, 1945. 78 53 6 3 4.1+ .53 

80 10 5 3 3.9+ .73 

MEAN | | Duration or LARVAL 82 20 6 4 4.14.49 

Tempera-| Noum- | Stace, Days 84 5 3 3 3.0+ .00 

TURE BER |- —— - : 
Decrees | Lar- | Maxi- | Mini- 1 Standard deviation. 
: vAE | mum | mum | Mean j ie : 

capes Discossion.—Assuming the minimum duration 
56 be 2g | 2 | 2.7+1.50! for each stage, it is evident that a generation can be 
68 8 | 11 | 10 | 10.5+ .54 produced in as little as eleven days, an unusuall 
7” Paes de Bae | 8 | 10.1+2.28 short period among Lepidoptera. With such a hig 
72 4 | 10 | 9 | 9.8+ .50 potential rate of increase, the species apparently 
78 } 1 ae ee | 70+ .68 must be considered in any recommendation for con- 
80 | g7 | 7 | 6 | 6.4+ .49 trol of cabbage worms. It is commonly recom- 
82 ee | ream Yee, | 5.0+ .00 mended, for example, that no insecticide poisonous 





1 Standard deviation. 


LarvaL Stace.—The larvae tend to feed on the 
underside, of leaves, especially during the earlier in- 
stars. First instar larvae burrow into the leaf and 
feed as miners if the leaf is sufficiently thick. 

Most of the larvae were reared on mustard (Table 
4). In addition, smaller numbers were reared on 
cauliflower, broccoli, cabbage, Chinese cabbage, and 
radish to determine if a difference existed in host 
suitability. All these plants except radish belong to 
the genus Brassica but are well removed from each 
other in botanical sequence. This genus includes at 
least twenty cultivated vegetable crops. No great 
difference in rate of development was found between 
these various food plants, all of which were fed as 
young, tender plants. Larvae fed on broccoli, cab- 
bage, Chinese cabbage and radish, for example, re- 
quired a mean of 10.0 days at 72° to complete de- 
velopment as compared to a mean of 9.8 days at the 
same temperature on mustard. Larvae fed on cauli- 
flower at 78° required a mean of 7.3 days as com- 
pared to 7.0 days at the same temperature on 
mustard. No larvae fed on cauliflower were reared 
at 72°. 

This omnivorous condition would seem to be ad- 
vantageous to field populations of Plutella since it 
increases the acreage of suitable food plants and re- 
sults in a sequence of hosts over a long period of time. 

The duration of each stadium was recorded for 51 
larvae fed on mustard. The first stadium averaged 
2.4 days, the second 1.6 days, the third 1.8 days and 
the fourth 2.1 days, at mean temperatures of from 
67° to 82°. 

Purat Stace.—The pupal stage ranged from 


to man be applied for cabbage worm control within 
30 days of harvest. In the case of the diamondback 
moth, 30 days may be sufficient time for two or 
even three generations to develop. A serious out- 
break could result if natural controls were tempo- 
rarily inadequate.—2-10-47. 
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A Turntable aj on Trap for Taking 
Insects Over Regulated Periods! 


R. H. Nacew? and A. A. GRANovsky® 


Light traps have long been employed for the pur- 
pose of making collections of different night-flying 
insects. During the intensive studies of the ecology of 
white grubs and especially of the population trends 
of June beetles, that have been carried on in Minne- 
sota for several years under the direction of A. A: 
Granovsky, the various light traps have proven to 
be of considerable value. For a number of years the 
multiple type of light trap devised by Seamans & 
Gray (1984) has been used. This trap consisted of 


1 Paper No. 2341 Scientific Journal Series, Minnesota Agri- 
cultural Experiment Station, St. Paul 1, Minnesota. 

2 Formerly Research Assistant, Division of Entomology and 
Economic Zoology, University of Minnesota. 

3 Professor of Entomology, University of Minnesota. 
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seven collecting unit assemblies built into one 
permanent structure. Each collecting assembly was 
operated for a period of one hour per night, thus 
giving seven separate samples over a continuous pe- 
riod of seven hours. Having the night’s catch thus 
split up into seven hourly intervals, various correla- 
tions may then be made with certain ecological fac- 
tors, particularly with nocturnal changes in tempera- 
ture, relative humidity, moonlight, wind, and 
barometric pressure. 

Experience has demonstrated certain shortcomings 
of the above trap which was especially constructed 
for securing data on the flight of June beetles. While 
endeavoring to build a trap of a size and weight that 
could be readily moved, this large structure seemed 
impractical. The collecting assemblies also proved 
to be too near each other for this insect. In their un- 
wieldy and more or less haphazard approach to the 
light, the June beetles occasionally collided with the 
baffles of unlighted assemblies. Some beetles were 
in this manner accidently trapped in the neighboring 
collection jars. Observations have shown that in 
order to prevent such accidental trapping, the as- 
semblies would have to be spaced somewhat farther 
apart, making the structure still larger, otherwise a 
certain amount of overlapping is bound to result. 
The exact distance at which the assemblies can be 
safely placed must be determined experimentally for 
each insect, depending upon its flight habits. 

Of lesser consequence is the fact that during rain 
storms all collecting jars are simultaneously sub- 
jected to considerable wetting, resulting in damage 
to other specimens taken with the June beetles. 

With the extension of June beetle studies to other 
areas of the state, additional light traps were re- 
quired for making comparable collections. To meet 
this new need, traps were desired that would not 
only overcome the objectionable features of the old, 
but would in addition be light, compact, and less 
costly to construct. 

Largely with these objectives in mind the light 
trap was developed and successfully operated by 
the authors for the first time during the season of 
1934 in the Chippewa National Forest at Cass 
Lake, Minnesota. This light trap is pictured in 
Fig. 1. In its construction fine suggestions were re- 
ceived from Dr. David Lindgren and Dr. Donald J. 
Pletsch then research assistants in entomology at 
the University of Minnesota. A second trap was 
constructed with several improvements suggested 
by some graduate students and particularly by Dr. 
D. J. Pletsch, assisting then on the white grub proj- 
ect. Grateful acknowledgement of their help is re- 
corded. This improved light trap was first operated 
during the season of 1935 in cooperation with a golf 
course at Wayzata, about 30 miles west of St. Paul, 
Minnesota. This improved trap containing the lat- 
est improvements is diagrammed in Fig. 2. These 
traps have been used on several other occasions in 
subsequent years in sampling the nocturnal flights 
of mosquitoes and other insects in addition to June 
beetles. 

Description.—A diagrammatic section through 
the light trap as shown in figure 2. Essentially it con- 
sists of a sturdily-built redwood cabinet 26 inches 
long by 20 inches wide, and 22 inches high. Over the 
top is mounted the usual light trap collecting assem- 
bly of hood, light, baffle, and funnel. Inside are two 
chambers. The upper, which is twelve inches deep, 
accommodates the turntable for collecting jars and 
the automatic operating devices. The lower chamber 
is amply large to house the weather recording in- 
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struments. Both ends of this chamber are fitted with 
louver boards to permit free circulation of air 
while protecting the inside from driving rains and 
direct suns rays. 

This light trap is distinguished from others by 
the turntable feature for exposing collecting jars 
under the collecting assembly. This feature has made 
it possible to eliminate other collecting units em- 
ployed at some additional expense in the old trap. 
The turntable is 16 inches in diameter, and is 
mounted on a vertically set steel shaft whose upper 
end revolves in a wooden socket drilled in the 
chamber ceiling. The lower end, which has been 





Fic. 1.—General view of the first model of the 

automatic light trap built at the Minnesota Agri- 

cultural Experiment Station for June beetle popula- 
tion studies. 


tapered, turns in a conical depression cut into a 
piece of iron plate. After the turntable has been 
properly centered, this plate is firmly screwed to the 
floor. About four inches above the table and 
mounted on it by four small wood posts, not shown 
in the figure, is a circular piece of tempered quarter- 
inch fiber board containing eight slots to fit and hold 
in position the collecting jars. Underneath the table 
is the drive pulley fixed to the shaft by a metal pin. 
The pulley circumference is a little less than the 
working » Bn of the drive weight hung in the 
lower chamber. The mass of the weight used is 
slightly more than is required to force rotation of 
the loaded table. This insures the turning of the 
table but will prevent it from picking up too much 
momentum and thus avoid hitting the trip stop with 
an unnecessary jolt. 
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The operating devices which are purposely some- 
what enlarged in the figure to obviate the need for 
additional illustrations, consist of a homemade time 
switch fashioned from an alarm clock, and a small 
electro-magnetic trip to regulate the table rotation. 

The dial of the clock was replaced by one of hard 
non-conducting material. Into this dial face was cut 
a shallow clockwise groove describing an arc from 
eight to four o’clock. A smooth section of copper 
wire was then pressed into this groove. The wire was 
of sufficient gauge to cause it to be elevated above 
the general dial surface. By bending slightly the tip 
of the hour hand dialward intimate contact was 
maintained with the copper wire for eight hours. 

The simple electro-magnetic trip controlling the 
turntable rotation each hour during the light trap 
operation was built from parts of an electric relay. 
This device made it entirely practical to dispense 
with the use of a more costly electric motor and 
gears for this work. At the point where it meets the 
edge of the table, the trip face is provided with two 
small meta] stops to engage metal pegs located at 
the edge of the table. The location of the stops on the 
trip face are grouped in such a way that the lifting 
and dropping action of the trip allows the metal peg 
to be passed on a designated hour. This is accom- 
lished by off-setting the lower stop from the upper 
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Fic. 2.—A diagrammatic section drawing showing 
the improved light trap used in population studies of 
June beetles in Minnesota. 
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laterally 0.25 inch, and then downward until its up- 

r edge coincides with a horizontal line drawn 
a the lower edge of the upper stop. 

A galvanized metal roof caps the top of the cab- 
inet. It extends high enough so that it fits around 
under the rim of the funnel. While giving the cabinet 
perfect water protection, it also folds the funnel 
rigidly in place. Being flush with the funnel top, it 
prevents insects from collecting under the sides of 
the funnel. 

The 10-inch funnel leads to a two-inch opening 
drilled into the ceiling of the upper chamber. The 
three or four-way metal baffle designed to accom- 
modate an electric bulb is permanently soldered into 
the funnel, and is painted white. 

The funnel hood is 16 inches wide, the outer 
margins of which must extend about 3 inches on 
each side beyond the diameter of the funnel below, 
is mounted to the electric wire conduit. Its lower 
rim is 6.5 inches above the metal roof thus allowing 
the baffle to extend up into it for a slight distance. 
Two light sockets, one under the hood and another 
of the weatherproof type at an adjustable distance 
above are provided. 

Electric Wiring. From the bottom of the cabinet 
to a switch with fuse plugs run the feed wires carry- 
ing 110-volt alternating current. From the switch 
one wire leads directly to the mechanism of the 
clock. The other has two branches, one going to the 
electro-magnet and then to a contact on the dial 
placed in relation to the minute hand, while the 
other leads to the lamp fixtures and back to the 
copper wire arc embedded on the dial face. 

Operation. For the collection of June beetles eight 
quart-size Mason jars charged with cyanide gas are 
used. These are set into their respective positions 
starting with number eight, or the last jar in the 
series. This procedure, in setting the light trap in 
operation, requires that the table be turned back- 
wards. While being so turned the drive rope is wound 
about the shaft pulley, and when number one jar 
finally is in place on a designated hour the table is 
set for the night. In this position the weight on the 
drive rope slowly turns the table so that at the end 
of eight intermittent hours a complete rotation is 
accomplished. A metal peg driven into the edge of 
the table below each jar strikes the uppermost stop 
on the electro-magnetic trip and is held there for an 
hour. During this hour the open mouth of the jar is 
held directly under the funnel opening. The tripping 
device is mounted upon an adjustable base Phich 
readily permits easy alignment to the table pegs. 
When the electro-magnet jerks the trip up, the 
lower stop takes a higher position at which point it 
receives and holds the peg just released by the upper 
stop. After an interval, depending on the time that it 
takes for the minute hand to pass the electro-mag- 
netic contact point, a matter of a few seconds, the 
trip is dropped, allowing the peg to by. The 
trip now being in its normal position, the upper stop 
receives and holds the next peg as the rotating table 
brings it around with the next jar. This procedure 
in turn is repeated for each jar. Although not so il- 
lustrated in the figure, the working face of each stop 
is slightly pitched in the direction calculated to 
make their removal from contact with the pegs with 
less friction. To this end also has been the practice 
of keeping the working surface of the stops and pegs 
free from rust by regular polishing. 

The electro-magnetic trip action is controlled by 
the minute hand. At the end of every hour the min- 
ute hand closes the electric circuit through the 
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electromagnet which lifts the trip. When the minute 
hand passes off the contact the magnet lets the trip 
fall back into its normal position. 

The lights are controlled by the hour hand. It 
turns them on at eight in the evening when it makes 
‘contact with the copper wire arc embedded in the 
dial face, and turns them off when it leaves the wire 
at 4 a.m. A small block of wood is placed behind the 
peg numbering the eighth jar, and holds the table 
from turning any further. Each jar is exposed for 
an hour. At this point only the final jar is exposed 
for a longer time than one hour and until the jars 
are removed to the laboratory for analysis in the 
morning. In the case of rain only those individual 
jars may become wet which have been e dur- 
ing the period of rain, the rest remain dry. 

Although this trap was especially designed for 
sampling the June beetle population, for which it 
proved to be very well adapted, many other photo- 
tropic insects were taken. On occasion large numbers 
of the smaller forms managed to make their way 
through the small clearance between the jar tops 
and the chamber ceiling. This annoyance has been 
met by preventing egress into the chamber by the 
use of “bristle-bands” made from old typewriter 
eraser bristles and bands of cloth. By securing the 
“bristle bands” to Kerr jar rims with adhesive tape, 
they can be quickly screwed onto the collecting jars 
before they are placed upon the turntable for the 
night, and removed again at the time of closing the 
bottles in the morning. 

The practice of using a high intensity lamp above 
the hood and a low one underneath is still experi- 
mental and, doubtless, will give different results for 
each species of insects, depending upon the insect’s 
preference to a given intensity of light. A number 
of observations revealed evidence which seemed to 
indicate that the 100-watt lamp exerted a repelling 
effect upon the beetles when they came to a zone 
about 4 feet from the lamp. At this point some of 
them dived down into the shadows cast by the 
cabinet top. This behavior was not so pronounced 
when a 15-watt lamp was used. Although the latter 
attracted relatively fewer beetles, practically all of 
them struck the baffle and were trapped. With the 
15-watt lamp under the hood, the 100-watt lamp was 
mounted at a point about 6 feet above. At that 
height it may attract beetles from surrounding areas, 
yet its apparent repelling zone will be sufficiently 
above the hood so as not to prevent the repelled 
beetles from going to the small lamp. 

In conclusion it may be stated that the light trap 
described herein has successfully overcome all of the 
objections so far raised against the old type of in- 
terval collecting trap. Its cost is considerably less; 
it is light and compact to the extent that it may be 
easily packéd for transporting in the rear seat of an 
automobile; its single opening at the top allows for 
complete protection from showers to all collecting 
jars except the one being exposed at that particular 
hour, and finally, its single collecting assembly re- 
moves the possibility of accidental trapping in as- 
semblies over which the light is not burning. 
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Benzyl Benzoate-Dibutyl Phthalate 
Mixture for Impregnation of 
Clothing 


F. M. Snyper and F. A. Morton, U.S.D.A., 
Agr. Res. Adm., Bureau of Entomology and 
Plant Quarantine 


The adoption by the United States Army of ben- 
zyl benzoate for use in the impregnation of clothing 
worn in areas where chiggers, Eutrombicula and 
related genera, were suspected of being infected with 
scrub typhus necessitated a considerable expansion 
of facilities for the manufacture of this material, 
Since dibuty] phthalate had been found to be only 
slightly less effective than benzyl benzoate (Snyder 
& Morton 1946b), it was considered that a mixture 
of these compounds might perform as satisfactorily 
as benzyl benzoate alone. If this were true, the 
existing supplies of benzyl benzoate could be ex- 
tended until a sufficient quantity had been accumu- 
lated to fulfill the requirements of the armed forces, 

At the request of the Office of the Quartermaster 
General and of the Surgeon General studies were 
made at the Orlando, Fla., laboratory of the Bureau 
of Entomology and Plant Quarantine to determine 
whether such a mixture was satisfactory and, if so, 
the best ratio to use. At their request studies were 
also undertaken to determine whether the mixture 
was as satisfactory when impregnated in olive-drab 
wool uniforms as in cotton-herringbone twill fa- 
tigues. Preliminary stopping-time tests with small 
pieces of cotton and wool cloth were followed by 
field tests of impregnated uniforms. 

Stoprinc-Time Tests.— Mixtures of benzy] ben- 
zoate and dibutyl phthalate in ratios of 75-5, 
50-50, and 25-75? were impregnated into bleached 
cotton twill at the rate of 2 grams per square foot 
with acetone used as a solvent or a diluent. Control 
cloths were impregnated at the same rate with either 
benzyl! benzoate or dibuty] phthalate. 

Chigger stopping times, or the time required to 
paralyze chiggers confined on the impregnated 
cloths were determined before and after the cloths 
were washed in warm soapy water. The 50-50 and 
75-25 mixtures withstood the same number of 
washes as the benzyl benzoate and one more wash 
than the dibuty] phthalate. The 25-75 mix lasted one 
less wash than the other mixtures. The 50-50 mix 
allowed the greatest substitution of dibutyl phthal- 
ate for benzyl benzoate without affecting perform- 
ance, and was therefore selected for further testing. 

Tests were then conducted to determine whether 
the 50-50 mixture was as effective as straight benzyl 
benzoate when impregnated into dyed wool and cot- 
ton cloth. Pieces cut out of regulation olive-drab 
wool shirts and trousers and from cotton herring- 
bone-twill fatigue suits were impregnated at the rate 
of 2 grams per square foot with these materials ap- 
plied as an emulsion or a solution. In the emulsion 
0.2 per cent of Tween 80 (polyoxyalkylene deriva- 
tive of sorbitan monooleate) was used as an amulsi- 
fier, and acetylene tetrachloride was the solvent. 
The cloths were then tested for chigger stopping time 
before and after washing in warm soapy water at a 
temperature of 100° F. On the basis of the number of 
washes withstood there were no significant differ- 


1 This work was conducted under a transfer of funds, recom- 
mended by the Committee on Medical Research, from 
Office of Scientific Research and Development to the Bureau of 
Entpmeieey and ingen Quarantine. P 

n all ratios the proportion of benzy] benzoate is given first 
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ences in effectiveness between the benzyl] benzoate 
and the 50-50 mix, or between wool-trouser and 
wool shirt material. However, the toxicants impreg- 
nated into cotton withstood more washes than those 
impregnated into wool, and the cloths emuneies 
with emulsions more than those impregnated with 
solutions, 

Uniforms impregnated in the field are dipped in 
an excess volume of liquid and wrung out by hand. 
Because wool takes up more liquid than cotton, it 
was desirable to determine the effectiveness of the 
mixture and of benzyl benzoate when impregnated 
on the basis of per cent of dry weight of cloth. 

It had been determined’ that 2 grams of toxicant 
per square foot of cotton twill and 3 grams per 
square foot of wool were equivalent to 8 per cent by 
weight of cloth, dyed cotton-herringbone twill cloths 
and olive-drab wool cloths were impregnated at these 
rates. Acetone was used as the solvent or diluent in 
these tests. The cloths were then tested for chigger 
stopping times before and after washing several 
times in soapy water at 100° F. The results of these 
tests are presented in table 1. 


Table 1.—Stopping times of chiggers placed 
upon wool and cotton cloth impregnated with 
dosages of toxicant equivalent to 8 per cent by 
weight of cloth, before and after the cloths were 
washed (4 replications). 











Sroppine Times (MiNnuTEs: SECONDS) 
Arter [npicatep NUMBER 








Tree or WasHINGS 
or ry » at 
Toxicant Cuiota None Two Three Four Five 
Benzyl Cotton 3:34 3:23 3:34 6:34 15:00+- 


benzoate Wool 2:56 7:33 15:00+ — 


50-50 Cotton 2:45 4:52 $:55 5:44 15:00+ 
mixture Wool 4:07 8:37 15:00+ — 





Tests with Unirorms.—As a further comparison 
of the effectiveness of the 50-50 mixture and the 
benzyl benzoate, a number of wool and cotton uni- 
forms were impregnated and tested in the field to 
determine their ability to prevent chigger attach- 
ments before and after washing and after aging in- 
doors and outdoors. 

Olive-drab wool uniforms and two-piece herring- 
bone twill fatigues were impregnated by hand dip- 
ping in 5 per cent emulsions of the 50-50 mixture 
and benzyl benzoate, according to methods de- 
scribed elsewhere (Snyder and Morton 1946a). The 
toxicants were emulsified with 0.5 per cent of Tween 
80. After being dipped the uniforms were put 
through a hand wringer and then allowed to dry. 
The uniforms were worn by research subjects for 1 
hour in an area heavily infested with chiggers to test 
their ability to prevent chigger attachments. A sub- 
ject in an untreated uniform spent the same length 
of time in the same area to serve as a check. The ef- 
fectiveness of a treatment was calculated by means 
of the following formula: 


Number of attachments on treated garment X 100 





100— 
Number of attachments on check garment 


The data in table 1 indicate that the difference in 
effectiveness between wool and cotton impregnated 


3 Determinations made by Howard A. Jones of this Bureau 
and Sgt. G. T. McCollough, AUS, Army Air Forces Center, 
Orlando, Fla. 
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with toxicant is not due to differences in the ratio 
of the weight of the cloth to the toxicant. They 
further verify the previous conclusions that there is 
no significant difference between the number of 
washes withstood by the benzyl benzoate and the 
50-50 mixture. 

The impregnated uniforms were washed for 10 
minutes in a household washing machine containing 
20 gallons of water at 100° F. and 0.76 per cent of 
soap. The garments were put through a hand 
wringer, machine-rinsed twice for 5 minutes each in 
20 gallons of cool tap water, with wringing after each 
rinse. Cotton uniforms gave 99 to 100 per cent pro- 
tection after two washes when impregnated with the 
50-50 mixture (7 tests) and with the benzyl benzoate 
(12 tests). Wool uniforms gave 100 per cent protec- 
tion through only one wash and 92 per cent after two 
washes with the mixture (13 tests) and with the 
benzyl benzoate (4 tests). 

Several sets of wool and cotton uniforms were im- 
pregnated with the 50-50 mixture of benzyl benzo- 
ate, and then dried without washing. On June 25, 
1945, some of these sets were hung out-of-doors and 
others were wrapped in heavy kraft paper and stored 
at room temperatures in a closet at intervals to 
August 22, 1945. These uniforms were tested several 
times throughout this period for their ability to 
prevent chigger attachments through 1 hour's wear 
in a highly infested area, The normal outdoor mean 
temperature during this period was 81.6° F. The 
average maximum and minimum temperatures were 
89.1° and 73.9°, respectively. The highest and low- 
est temperatures recorded during this period were 
95° and 70.5°. Wool garments treated with the mix- 
ture gave complete protection for 58 days when 
aged indoors or outdoors. Both treatments impreg- 
nated in cotton gave complete protection when aged 
indoors. The results obtained with the cotton mate- 
rials aged outdoors are given in table 2. The 50-50 
mixture withstood at least 12 more days of outdoor 


Table 2.—Per cent reduction of chiggers on 
treated cotton clothing aged outdoors for differ- 
ent periods. 








17 38 50 58 
Days Days Days Days 
TREATMENT (7.8)! (14.7) (17.7) (20.7) 








Benzyl benzoate 100 35.8 64.6 — 
50-50 mixture 100 =:100 100 82.3 
1 Figures in ntheses indicate inches of rainfall during 


aging period. Data obtained from see maintained by U. S. 
Bureau of Plant Industry, Soils, and Agricultural Engineering, 
and located within 25 feet of the uniforms. 


aging than straight benzyl benzoate when impreg- 
nated into cotton. Wool-impregnated garments re- 
mained effective longer than cotton when aged out- 
doors. 
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Ethylene Dichloride Injury to Peach! 


Cuype F. Smita AND Orro VEERHOFF® 


Ethylene dichloride has been suspected of killing 
or injuring peach trees in North Carolina as well as 
in neighboring states; therefore, an experiment was 
set up on the state test farm at Eagle Springs, 
North Carolina, in 1942 to determine: (1) the ty 
of injury to peach trees caused by ethylene di. 
chloride and paradichlorobenzene, and (2) the con- 
centration at which injury would occur in the sandy 
soil of the major peach growing section of the state. 

Seven single-tree replicates of each treatment 
were used. The trees, 2-year-old Elbertas, were 
treated October 8, 1942, and were examined for in- 
jury December 12, 1942, and May 11, 1943. 

Ethylene dichloride emulsion was used at the rate 
of 4 ounces per tree and was used at concentrations 
of 5, 10, 20, 30, 50, 70, and 90 per cent. Also, one 
treatment consisted of wetting the sand around the 
trees before applying the 30 per cent ethylene di- 
chloride emulsion. In all cases the ethylene dichlo- 
ride emulsion was poured on the trunk of the tree and 
the trees were mounded immediately after treating. 
Paradichlorobenzene was used at the rate of 0.5 
ounce, 1 ounce, 2 ounces, and 4 ounces (only 2 
trees each were treated with the 1, 2, and 4 ounces 
of paradichlorobenzene). 

It was found that 0.5 ounce of paradichloroben- 
zene caused some brown flecking in the cambium and 
the wood. One ounce of paradichlorobenzene caused 
more than the 0.5 ounce but the injury was very 
similar, the injury being more pronounced in the 
wood than in the case of the 0.5 ounce of paradi- 
chlorobenzene. Two ounces and 4 ounces of para- 
dichlorobenzene showed proportionately more injury 
in both the cambium and the wood. In no case was 
the injury severe enough to cause any noticeable 
differences in the appearance of the foliage of the 
trees. 

Trees treated with 5, 10, 20, or 30 per cent ethyl- 
ene dichloride did not show any injury in the 
cambium or the wood, neither was there any injury 
where the sand was moistened around the trees be- 
fore applying the 30 per cent ethylene dichloride 
emulsion. Trees treated with 50 per cent ethylene di- 
chloride emulsion showed flecking in the cambium 
but no spots as large as a dime were observed. There 
was very little injury in the wood. The 70 per cent 
ethylene dichloride emulsion caused more distinct 
flecking of the cambium; in fact, brown areas about 
the size of a dime appeared. There was also some 
injury to the wood which had been formed the previ- 
ous year. In none of the trees was the injury continu- 
ous all the way around the trunk. Injury to trees 
receiving 90 per cent ethylene dichloride emulsion 
was not much different from that on trees receiving 
the 70 per cent emulsion. 

The same trees were treated again October 14, 
1943. Upon examination 4 weeks later the trees 
showed results very similar to those of the previous 
year. In the spring of 1944 the trees had to be re- 
moved in order to clear the land. However, they were 
left in the ground until they had leafed completely 
out and at that time it was impossible to identify 
the trees which had been injured by ethylene di- 


1 Contribution from the Departments of Entomology and 
Horticulture, North Carolina Agricultural Experiment Station. 
Published with the approval of the Director as Paper No. 255 
of the Journal Series. s 
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chloride emulsion or paradichlorobenzene without 
cutting into the bark near the base of the tree where 
the chemicals had been applied. 

It was also noted that 4 weeks after treatment the 
brown flecking of the cambium was much more 
noticeable than it was a few months after treatment. 

The above experiment would incicate that ethyl- 
ene dichloride emulsion is safe to use on peach trees 
in the Sandhills area of North Carolina at approxi- 
mately double the recommended concentrations 
(Smith 1944). On the basis of the results of this and 
other experiments a 10 to 15 per cent emulsion is 
suggested for all age trees. If the trees are heavily 
infested with borers (average more than 4 per tree) 
a 20 to 25 per cent emulsion is suggested in sandy 
soil. In heavy soil, it is recommended that dilutions 
not stronger than 15 per cent be used on trees 6 
years old and older or 10 per cent on trees 5 years 
and younger. 

In using ethylene dichloride emulsion, enough 
material should be applied to moisten the soil all 
the way around the tree. This will be approximately 
2 ounces for a l-year-old tree or 8 ounces for a 
6-year-old tree.—4-10-47. 
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Control of Cherry Fruit Flies’ 


James A. Cox, Pennsylvania Agricultural 
Experiment Station, State College, Pa. 


There are two distinct species of cherry fruit flies 
that infest cherries in Erie County, Pa. These are 
known respectively as the cherry fruit fly, Rhagoletis 
cingulata Loew, and the black cherry fruit fly, R. 
fausia O.S. Since the habits of the two species are 
quite similar they will be treated as a single species 
in the following discussion. There is a general in- 
festation of the cherry fruit fly in neglected orchards 
and the pest remains a constant threat to the cherry 
industry. Even in well-cared-for plantings careful 
attention to contro] measures is necessary to prevent 
a build-up of the insect. 

Control of the cherry fruit fly in commercial or- 
chards is maintained by sprays of lead arsenate. The 
treatment consists of two applications of lead arsen- 
ate (2 lbs. to 100 gal.) applied to the fruit and foliage 
at the time when most of the flies emerge. The lead 
arsenate program has been satisfactory for the con- 
trol of the fruit fly but in well-cared-for orchards 
large amounts of spray residue are usually present 
on the fruit at harvest time. Where the cherries are 
handled by the processing plants a large amount of 
the residue is removed in the process of washing. 
Usually the residue is only a problem on cherries 
sold as fresh fruit. 

To meet the residue problem on cherries offered as 
fresh fruit various modifications and substitutes for 
lead arsenate have been advocated. Glasgow (1935) 
has shown that three sprays of derris powder (2 lbs. 
to 100 gal.), containing 4 per cent rotenone, gave 
excellent control of the fruit flies, Hamilton (1940) 
has found that sprays of either cube root or pheno- 
thiazine reduced heavy infestations of cherry fruit 


} Authorized for publication on March 4, 1947, as paper No. 
1362 in the Journal Series of the Pennsylvania Agricultural 
Experiment Station. 
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Table 1.—Summary of results of experiments for cherry fruit flies. 
Maacors 
TEst MATERIAL AND AMOUNT APPLI- PER 100 
No. YEAR VARIETY PER 100 GALLONS CATIONS Fruits 
1 1944 Montmorency Lead arsenate, 2 Ibs. 2 0.38 
2 1945 Montmorency Lead arsenate, 2 lbs. 2 1.05 
3 1946 English Morello Lead arsenate, 2 Ibs. 2 0.21 
4 1944 Montmorency Lead arsenate, 1 lb. 2 0.09 
Phenothiazine, 2 lbs. 
5 1944 Montmorency Lead arsenate, 2 lbs. 1 
Phenothiazine, 2 lbs. 1 0.19 
Lead arsenate, 1 Ib. 
6 1945 Montmorency Lead arsenate, 1 lb. 
Phenothiazine, 2 lbs. 2 1.19 
7 1946 English Morello Lead arsenate, } lb. 
Phenothiazine, 2 Ibs. 2 0.21 
8 1944 Montmorency Cryolite, 3 lbs. 2 0.76 
9 1945 Montmorency Cryolite, 2 lbs. 2 2.39 
10 1946 English Morello Cryolite, 3 lbs. Q 0.60 
11 1944 Montmorency DDT, 0.4 lb. 2 0.09 
12 1945 Montmorency DDT, 0.8 lb. 1 1.81 
13 1945 Montmorency DDT, 0.4 Ib. 2 3.50 
14 1946 English Morello DDT, 1 Ib. 2 0.10 
15 1946 Montmorency Hexachlorocyclohexane, 2 lbs. 2 3.33 





flies but the materials weathered rapidly and three 
applications of spray were necessary to give satis- 
factory results. 

Field experiments, to determine the value of vari- 
ous insecticides for cherry fruit flies, have been con- 
ducted in Erie County, Pa. from 1944 through 1946. 
This report is a summary of the results, 

SELECTION OF OrncHARDS.—During the three years 
experiments have been conducted, isolated orchards 
or large blocks in an orchard have been used for each 
treatment. As the flies travel long distances no un- 
treated check was used. It has been observed that 
heavily infested orchards maintain a high popula- 
tion of fruit flies year after year unless repressed by 
an effective spray materiah Further information on 
the infestation was obtained by making counts in 
certain orchards the year before experiments were 
performed. Since infested orchards tend to remain 
infested year after year this method gave some in- 
formation on the infestation that normally would 
develop in the absence of contro] measures. 

EMERGENCE OF CHERRY Fruit Fiies.—During 
this study the emergence of the fruit flies was timed 
by the McPhail Lure (1937). The standard casein- 
sodium hydroxide luré was used throughout the 
tests and was composed of 5.3 per cent casein and 3 
per cent sodium hydroxide. The lure was suspended 
in wide-mouth quart fruit jars from the central por- 
tion of the tree. This method was entirely satisfac- 
tory for securing information on the flight of the 
fruit flies. The black cherry fruit fly does not occur 
in large numbers in orchards in Erie County. From 
1944 through 1946 only a few flies of this species has 
been reared from infested cherries and during this 
time only three flies were captured in the bait traps 
whereas several hundred flies of the cherry fruit fly, 
Rhagoletis cingulata, were captured in the traps and 
reared from infested fruit. 

The emergence of the cherry fruit fly begins in 
early June. The earliest flies were taken was June 6, 
1944, Normally the flies will appear in the orchards 
around June 10, reach a peak from June 20 to 24 and 
cease about July 20. 


Mernops AND Marertats.—The sprays were 
applied with a power sprayer, using a standard or- 
chard spray gun. All the spraying was done from the 
ground and from the outside of the tree. 

Previous to the time the maggots began leaving 
the fruit a sample of cherries was taken from the 5 
center trees of each plot. The cherries were counted 
and placed in trays which had quarter-inch galvan- 
ized hardware cloth bottoms. The trays were placed 
over water and the maggots leaving the fruit 
dropped into the water. A record was made of the 
number of larvae strained from the water. 

The materials used in the experiments were as 
follows: unconditioned lead arsenate, contaiuing 
19.50 per cent metallic arsenic and 58.00 per cent 
metallic lead; the DDT was a wettable powder and 
contained 20 per cent DDT in 1944, 40 per cent in 
1945 and 50 per cent in 1946; a micronized uncondi- 
tioned form of phenothiazine was water pasted with 
unconditioned lead arsenate; the synthetic cryolite 
contained 90 per cent sodium fluoaluminate; 1, 2, 
3, 4, 5, 6 hexachlorocyclohexane, a 50 per cent 
wettable powder containing 5 per cent of the gamma 
isomer. In 1944 wettable sulfur (6 Ibs. to 100 gal.) 
was added to the spray mixtures. In 1945 wettable 
sulfur was used as a fungicide with cryolite and 
phenothiazine and a fixed copper was used with lead 
arsenate and DDT. Compound 341 was added to the 
spray mixtures in the 1946 tests. 

ResvuLts oF THE Fietp ExpeRIMENTS.—A sum- 
mary of the results and a list of the treatments is 
given in table 1. Lead arsenate, the standard treat- 
ment for the cherry fruit fly, was included in the 
tests each year. The experiments with DDT indicate 
that this material is effective for the control of fruit 
flies, The percentage of infested fruit ranged from 
0.1 per cent to 3.5 per cent. In 1945 the tests were 
carried out in an orchard of Montmorency cherries 
that was approximately 25 per cent infested in 
1944. As may be seen in table 1, two applications of 
DDT (.4 lb. to 100 gal.) reduced the infestation from 
approximately 25 per cent in 1944 to 3.5 per cent in 
1945. One spray of DDT (.8 Ib. to 100 gal.) reduced 
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the infestation to 1.81 per cent. In 1946 two sprays of 
DDT (1 lb. to 100 gal.) reduced the infestation to 
0.10 per cent. The orchard in question was planted 
to the variety English Morello and was approxi- 
mately 15 per cent infested in 1945. Consequently it 
would appear that for effective results DDT should 
be used at approximately 1 pound to 100 gallons. 
Large amounts of spray residue are likely to ac- 
cumulate on the fruit in orchards that receive two 
applications of DDT (1 Ib. to 100 gal.). As the 
residue is not readily removed by the washing proc- 
ess at the processing plants it is not likely that DDT 
can be used extensively in fruit fly sprays. 

Two applications of phenothiazine (2 Ibs. to 100 
gal.) combined with lead arsenate (1 1b. to 100 gal.) 
reduced heavy populations of fruit flies. As may be 
seen in table 1 treatment 5, one application of Tead 
arsenate and one application of phenothiazine gave 
satisfactory control of the fruit flies. Although 
phenothiazine combined with lead arsenate appears 
to be effective for fruit flies it is not readily adapted 
to the fruit fly sprays where fungicides such as lime 
sulfur and a fixed copper lime spray are used, 

Cryolite has shown considerable promise for the 
control of cherry fruit flies. In 1945 the results were 
not entirely satisfactory (2.39 maggots to 100 
fruits). This might be attributed to the location of 
the orchard as unsprayed seedling cherry trees were 
adjacent to the treated orchard. Also the dosage of 
cryolite was reduced to 2 pounds to 100 gallons in 
the 1945 tests. 

Experiments for one season indicate that hexa- 
chlorocyclohexane is effective for fruit flies. Two 
applications of hexachlorocyclohexane (2 lbs. to 100 
gal.) reduced the fruit fly infestation from approx- 
imately 49 per cent in 1945 to 3.33 per cent in 1946. 
Although this cannot be considered satisfactory con- 
trol it is evident that the treatment greatly reduced 
the fruit fly infestation. The disagreeable odor and 
taste of hexachlorocyclohexane persists on the fruit, 
and at harvest time the cherries were not suitable 
for processing or for fresh fruit. 

Lasoratory Tests with DDT.—In order to 
determine the effect of DDT sprays on the adult 
cherry fruit flies certain experiments were made. In 
the laboratory fruit flies were confined in cages with 
honey and water. One lot of flies was placed in a 
cage that had previously been sprayed with DDT 
(0.8 lb. to 100 gal.). A similar lot of flies was con- 
fined in an unsprayed cage. The spray was allowed 
to dry before the flies were placed in the cage. Both 
lots of flies were kept in the laboratory at a tem- 
perature of 70° to 75° F. The tests were repeated a 
number of times and at the end of 20 hours all the 
flies were dead in the sprayed cages, whereas no flies 
were dead in the unsprayed cages. The length of life 
of the flies ranged from 5 tc 36 days in the unsprayed 
cages. 

SumMary.—Experiments for the control of 
cherry fruit flies have been conducted in Erie 
County, Pa. from 1944 through 1946. The emergence 
of the flies was timed with the McPhail Lure. Field 
and laboratory tests indicate that DDT is effective 
for the fruit flies. The residue on cherries sprayed 
with DDT is likely to be high and is difficult to re- 
move by washing. Sprays of cryolite and phenothia- 
zine have satisfactorily reduced heavy infestations of 
fruit flies. Experiments indicate that sprays of hexa- 
chlorocyclohexane are toxic to fruit flies, The dis- 
agreeable odor and taste of hexachlorocyclohexane 
persists on the fruit, and at harvest the cherries were 
not suitable for processing or for fresh fruit. Lead 
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arsenate is satisfactory for fruit fly control where 
> cherry crop is disposed of through the processing 
plants. 
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The Tail Louse, a New Pest of Cattle 
in Florida 


W. G. Brucsg,' U.S.D.A., Agr. Res. Adm., Bureau of 
Entomology and Plant Quarantine 


The louse Haematopinus quadripertusus Fahren- 
holz,? has been found attacking cattle in Florida. 
This is the first record of the occurrence of this louse 
in the United States. It was described from Camer- 
oons, West Africa, in 1916 by Fahrenholz, but ap- 
parently there are no subsequent records on the 
occurrence of this louse elsewhere. 

Haematopinus riptertusus is a sucking louse 
resembling the short-nosed cattle louse, H. eury- 
sternus (Nitzsch), but differs from the latter in its 
habits, its effect upon the host, and its suceptibility 
to insecticides. 

The first infestations of H. quadripertusus were ob- 
served on cattle in Orange County, Florida, in 
August 1945. Surveys made during the remainder of 
that year revealed that this louse was a serious pest 
of cattle in a number’ of counties in southern and 
central Florida, especially in the Lake Okeechobee 
area. During 1946 additional infestations were found 
throughout southern and central Florida, and as far 
north as Gainesville, in Alachua County. Early in 
1947 infestations were found at Baldwin, in Duval 
County, near the Florida-Georgia State line, but no 
infestations were found in southern Georgia. 

The life history and habits of Haematropinus 
quadripertusus have not been determined. However, 
certain field observations are of interest, at least un- 
til more reliable data are available. 

Haematopinus quadripertusus differs from other 
cattle lice in that its activities as an adult are con- 
fined chiefly to the brush, or switch, of the tail. For 
that reason the Florida catthemen refer to it as the 
tail louse, and this name is suggested as an appropri- 
ate common name. On mature animals all adult lice 
were found in the tail brush, except in two cases 
where a few lice were found in the long hairs of the 
ears, About 30 per cent of the infested calves exam- 
ined had lice in the tail brush and in the ears. The 
transfer of a few lice from the brush to the head of 
the animal is to be expected since the severe irrita- 
tion caused by the lice prompts the animal to do 
considerable licking of the brush, at which time 
some lice could readily move to the head. Suckling 
calves are frequently close to the infested brush of 
the dam, which probably accounts for the larger per- 
centage of infestations in the ears of calves. 


1 The writer cmpraens his appreciation for the assistance of 
A. L. Smith, C. C. Skipper, and E. B. Blakeslee in making ob- 
servations, collections, and tests. 

2 Determinations by F, W. Musebeck. 
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The eggs have been found almost exclusively on 
the hairs of the brush, often in such great numbers as 
to give the brush a matted appearance. A few scat- 
tered eggs apparently of this species have been ob- 
served in the ears and around the tailhead. 

No immature stages, except a few third instars, 
have been found in the brush. What appeared to be 
the first instar of this louse has been frequently ob- 
served attached around the vulva and anus of cows. 
The second and third instars have been observed in 
the general vicinity under the tailhead where the 
skin is quite thin. 

According to cattlemen and veterinarians, as well 
as our own observations, Haematopinus quadri- 
pertusus is a more serious pest of cattle than of any 
other species of lice. Cattle harboring a heavy in- 
festation of these lice are rapidly sapped of their 
vitality, and some become too feeble to walk. While 
cattle of all ages and sizes show the effects of an in- 
festation, it appears to be more serious in yearlings. 

In our early work with DDT it was quite evident 
that sprays or dips containing 0.2 to 0.5 per cent of 
DDT as a suspension were effective in controlling 
cattle lice. It was also noted that the arsenical dips, 
used in the eradication of cattle fever ticks, would 
also control cattle lice. In fact, the dipping of cattle 
in arsenicals has been a common procedure in con- 
trolling cattle lice in Florida. Neither of these prepa- 
rations, however, had any apparent effect upon the 
tail louse. 

In some preliminary work on the control of Hae- 
matopinus quadripertusus, several insecticides, in- 
cluding various concentrations of DDT, were tested 
by immersing the infested brush into a pail of the 
material. Best results were obtained by the use of 
suspensions containing not less than 1.5 per cent of 
DDT. This was a slow and laborious procedure, 
however, and rather impractical except for the treat- 
ment of dairy cattle. 

Excellent control was obtained by thorough 
spraying of infested cattle with a suspension con- 
taining 1.5 per cent of DDT, applied at the average 
rate of 1.6 pints per animal, giving an average de- 
posit of 10.5 grams of DDT per animal. One herd 
of about 600 head of heavily infested cattle was used 
in this test. About 100 mature animals were exam- 
ined, and all were infested. Of the 52 calves exam- 
ined, 38 were infested. The animals were thoroughly 
sprayed on all parts of the body, including the brush 
of the trail, and thorough coverage was obtained by 
two spray operators working from opposite sides of 
a smal] pen. A power sprayer was aa 

The cattle were sprayed on October 18, 1946. On 
November 6, 84 animals wer examined and no live 
lice were found. On November 26, 54 animals were 
examined and 1 louse was found on each of 2 cows. 
On January 6, 50 animals were carefully examined 
and no lice were found. Eight untreated animals 
one as checks maintained a heavy infestation of 

ice. 

Summary.—A cattle louse, Hoematopinus quad- 
ripertusus Fahrenholz, new to the United States, 
was found in Florida in 1945, This louse was de- 
scribed from West Africa in 1916, but no subsequent 
records are available to show its occurrence else- 
where. It is a more serious pest of cattle than the 
other species of cattle lice and is more difficult to 
control. Practically all the adults and eggs are found 
in the brush of tails of cattle. Good control has been 
obtained by thorough spraying of the infested cattle 
with a suspension containing 1.5 per cent of DDT.— 
4-24-47, 


SciENTIFIC NOTES 591 


Sarcoptoid Mites on Rats in Florida’ 


D. C. Taurman, Jr. and J. A. MuLRENNAN*4 


Although Notoedres notoedres (Mégnin) is reported 
to be a common rat ectoparasite in parts of the 
United States according to Ewing (1929), there 
appear to be no records of the occurrence of other 
sarcoptoid mites on rats in this country. While we 
have not collected Notoedres from rats in Florida a 
number of specimens of another sarcoptoid, Derma- 
tophagoides crassus (Canestrini) have been taken 
from Rattus norvegicus (Erxleben) and these consti- 
tute the first collection of this species from rats. D. 
crassus (Pachylicus crassus Canestrini, 1894) is a 
member of the family Epidermoptidae, the species 
of which are reported by Canestrini (1899) from 
birds in Europe. D. crassus was reported by Canes- 
trini from Erithacus phoenicurus (L.) and Dendro- 
copus medius (L.) in Italy. 





Fig. 1.—Dermatophagoides crassus, female. Photo- 
micrograph by Mun Quan. Magnified 90X. 


Three collections of mites from Norway rats in 
Tampa, Florida, yielded specimens of Dermatopha- 
goides crassus: 1 female, March 15, 1946; 11 females, 
April 12, 1946; and 75 females, April 24, 1946, 
(R. L. Scott).§ 

The general characteristics of the female of this 
mite are shown by a photomicrograph, figure 1. 

The single specimen was taken from a rat which 
was collected in a rooming house, while the other two 
collections were made from rats trapped in a poultry 
market. The writers, in October 1946, examined a 
large number of domestic fowl] in the poultry market 
sani in a poultry yard located adjacent to the poul- 
try market. No Dermatophagoides crassus was found 
on any of these birds, although an aggregate of 2700 
poultry mites was collected. It appears likely that 
the occurrence of this mite on Rattus norvegicus is 
accidental; however, its bird host was not located. 
— 3-27-47. 


1 Contribution from the U. S. Public Health Service, Com- 
municable Disease Center, Atlanta, Georgia and Florida State 
Board of Health, Jacksonville, Florida. 

2 Assistant Sanitarian (R), U. S. Public Health Service. 

3 State Director, Communicable Disease Center Activities, 
=. ga of Bureau of Malaria Control, Florida State Board 
of Health. 

4 Collections were made in connection with the us control 

am of the U. S. Public Health Service Communicable 
isease Center Activities, the Florida State Board of Health, and 
the Hi h County Health Department. Assistance ren- 
ranch, Medical Technologist, Florida 

State Board of Health, is acknowledged. _ 

* Eight of these specimens were determined by Dr. E. W. 
Baker, U.S.D.A. Bureau of Entomology and Plant Quarantine. 
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Dilution of Dusts by Volume 


NEELY TurNER, Connecticut Agr. Expt. Sta., 
New Haven 


The standard method of preparing dusts has been 
on the basis of weight. Thus 20 pounds of pure 
ground cube root of 5 per cent rotenone content 
may be mixed with 80 pounds of a diluent such as 
pyrophyllite to make 100 pounds of dust containing 
1 per cent rotenone. When diluents of similar weight 
per cubic foot are used, the resulting mixtures have 
similar volumes. However, when the diluents have a 
very low weight per cubic foot, the mixtures are very 
bulky. Most dusters are made to handle a given 
volume of dust rather than a given weight. The de- 
livery of a bulky dust from these machines is usually 
very low in terms of pound of dust per acre. Huckett 
(1940), in his study of diluents for ground pyrethrum 
and pyrethrum extracts, used diatomaceous earth 
as a diluent on the basis of volume rather than 
weight. He pointed out that the ratio of 1 pound 
diatomaceous earth to 4 pounds of clay diluent 
produced dust mixtures of equal volume. On this 
basis 20 pounds of pure ground cube root of 5 per 
cent rotenone content would be mixed with 20 
pounds of diatomaceous earth to form a dust of 2.5 
per cent rotenone content which could be applied 
comparably with a 1 per cent rotenone-clay dust at 
equal volumes per acre. After 3 years of tests he re- 
ported that the diatomaceous earth dusts mixed by 
volume were as effective as dusts made with talc, 
clay, gypsum or pyrophyllite as diluents. 

It has been pointed out (Turner 1946) that the 
greater bulk of the diatomaceous earths is attributa- 
ble largely to lower density of individual particles. 
Dilution on the basis of volume is therefore neces- 
sary to provide an equal number of particles of 
diluent in relation to toxicant. 

A preliminary test of the application of dusts on 
the basis of volume was made in 1944, using the 
Mexican bean beetle as the test insects. Dusts were 
mixed using pure ground derris root of 4 per cent 
rotenone content using pyrophyllite as the standard 
diluent and diatomaceous earth! on the basis of both 
equal weight and equal volume. The plots were single 
rows 25 feet long and were randomized in blocks 
with three replicates. Treatment was made August 
9 and 21, and larvae surviving on 10 plants per plot 
counted on August 25. The amounts used were regu- 
lated by changing the feed slot on the rotary hand 
duster. The weights delivered were measured by 
weighing the duster before and after dusting each 
concentration. The range of capacity of the duster 
was not large enough to allow delivery of the diatom- 
aceous earth dust diluted by weight at the same rate 
as the pyrophyllite dust. The average delivery of the 
dusts was as follows: (1) derris-pyrophyllite 3 
ounces; (2) derris-diatomaceous earth by weight 1.75 
ounces and (3) derris-diatomaceous earth by volume 


1Celite 209. 
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.5 ounce. The results are given in table 1, and show 
no substantial differences in control following use of 
any of the dusts. In fact, the three materials appear 
4 of almost equal value by the ranking system of 
Wilcoxon (1946). Since the amount of rotenone 
actually used was least in the derris-diatomaceous 
earth diluted by volume, this mixture appears to 
have been the most efficient of the three. 
Additional field tests using the principle of mixing 
dusts by volume have already been reported (Turner 
1946). In these tests several diatomaceous earth 
preparations used with cube root on the basis of 
mg compared favorably with cube-pyrophyllite 
ust. 











Table 1. 

PER 
Concen- Rorte- CENT 

TRATION NONE No. Repvc- 

Rore- Usep, Lar- TION IN 

MATERIAL NONE GRAMS VAE LARVAE 
gor ty deers eae” 18 29 56.7 
lite (by weight) 25 22 55 17.9 
5 43 3 95.5 
1.0 .85 1 98.5 
Derris-Diatoma- .125~—-.06 13 80.6 
ceous earth (by 25 12 82 52.2 
weight) 5 24 15 77.6 
1.0 .48 2 97.0 
Derris-Diatoma- 46 .04 30 55.2 
ceous earth (by 9 .08 21 68.7 
volume) 1.6 .16 6 91.0 
2.3 oe 1 98.5 

No treatment 67 





Studies of the relationship between pounds of 
dust applied per acre and concentration of toxicant 
have shown that lower amounts of more concen- 
trated dusts were more efficient than higher amounts 
of less concentrated dust (Turner 1945). The use of 
a small number of pounds of a more concentrated 
dust diluted with diatomaceous earth should there- 
fore be acceptable. 

There seem to be no serious practical difficulties 
in applying these dusts. They feed well through a 
duster and apparently “drift”’ no worse than stand- 
ard dusts. The principal change needed is a change 
in thinking. Instead of thinking in terms of a given 
percentage of toxicant in the bag it is necessary to 
think in terms of the amount of toxicant applied 
per acre.— 4-26-47. 
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Chlorinated Extract of Amor pha 
fruticosa 


Cuar es H. Brett and Ernest M. Hopnetrt,! 
Oklahoma Agricultural and Mechanical 
College, Stillwater 


Studies of extract of Amorpha fruticosa conducted 
at the Oklahoma Agricultural Experiment Station 
(1) have shown that this materia] has insecticidal 
properties which, however, are not so good as those 
of some of the synthetic or other improved insecti- 
cides. Among various methods tried in an effort to 
increase the toxicity has been a breeding program to 
produce fruit containing more of the toxic substance, 
but this factor has not yet been demonstrated to be 
genetic. The most striking effect on toxicity has 
been obtained by chlorination of extract. 

MetHops AND Resvutts.—Fruit of Amorpha 


fruticosa was extracted with acetone in a Soxhlet 


apparatus. This extract was prepared for chlorina- 
tion by evaporating the acetone and redissolving 
the residue in carbon tetrachloride or chloroform. 

The chlorination apparatus consisted of two gas 
absorption towers, approximately 60 mm. in di- 
ameter, equipped with fritted glass dispersion discs 
through which chlorine gas could be admitted. Ap- 
proximately 100 cc. of the carbon tetrachloride solu- 
tion was placed in one tower and 100 cc. of the 
chloroform solution in the other. No catalyst was 
used and the only light was that normally used in 
the laboratory. A slow stream of chlorine was started 
into the solutions which at first absorbed all the 
bubbles. In about 30 minutes, the yellow color of the 
solutions began to change to a dark brown and the 
temperature began to rise. An ice-bath was placed 
around each absorption tower and the chlorination 
continued. The color darkened until at the end of 
2 hours the solutions were almost black. Evidence 
of hydrogen chloride was found in the exit gases. 
Chlorination was continued while the temperature of 
the solutions was allowed to rise to that of the room. 
After 3 hours, the color began to lighten until at 
the end of 5 hours the original color remained. At 
the end of 8 hours, no further changes had occurred 
and the chlorine seemed to be passing through un- 
changed. The chlorination was then stopped. 

Air was passed through the solutions to remove 
hydrogen chloride and unreacted chlorine. At the 
end of 2 hours these gases seemed to have escaped 
and about half of the solvents had evaporated, so 
aeration was stopped. The solutions were made up 
to the original volumes by addition of solvent. 

Although the original extract was oily the chlo- 
rinated extract was viscous and sticky. The un- 
treated extract had a sweet, spicy odor, and in 
acetone, could be readily dispersed in water to form 
a milkly colloid. The treated extract had the odor 
of black walnut meats and could not be dispersed 
in water, but collected as a gummy precipitate. 

Tests made with the untreated extract have shown 
it to be repellent but not toxic to house flies (Brett 
1946a). The chlorinated extract was tried as a resid- 
ual contact in the following manner. The insides of 
wooden boxes were painted with a standardized 
solution, e.g., a volume in cubic centimeters equal 
to the weight in grams of fruit extracted, at the rate 
of 10 cc. per 100 square inches of surface. Each box 
was then covered with a glass plate. During these 
preparations, the operator and an assistant experi- 


1 Department of Entomology and Department of Chemistry. 
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enced irritations of the eyes and nasal membranes due 
to the presence of fumes. 

Flies were transferred to the boxes by means of a 
special apparatus used regularly in the laboratory. 
They did not, however, disperse into the box in the 
usual manner; instead there was such a repellent 
effect that it was necessary to force them to enter. 
Within a box, they dropped almost immediately 
and died within less than one minute. The action 
was striking in its rapidity. 

Caged flies were placed in the boxes so they were 
unable to touch the sides. Their almost immediate 
death demonstrated the effect to be one of fumiga- 
tion. An attempt by the operator to sample a small 
“whiff” of the gas resulted in a strong irritation of 
the eye, nasal, and throat membranes. This per- 
sisted for several minutes. The taste of black wal- 
nut meats remained for hours. After about 4 hours, 
the persons working with this material experienced 
dull headaches. 

The boxes were aerated outdoors. At the end of an 
hour they were returned to the laboratory and flies 
again placed in them. These died within about 5 
minutes. Re-aeration of the boxes for another hour 
increased the time required for killing 100 per cent 
of the flies to 10 minutes. An aeration of 4 hours 
increased the time to 30 minutes. After 24 hours 
aeration the odor of black walnut meats was still 
detectable, but flies did not die in the painted boxes 
at a greater rate than in the unpainted ones. These 
same tests were made using adult yellow fever mos- 
quitoes, Aédes aegypti, with very similar results. 

Studies were also made using mosquito larvae. 
The chlorinated extract was dispersed in water by 
forcefully squirting a jet of standardized acetone 
solution into it. This resulted in the formation of 
small droplets which settled out rather rapidly. Such 
preparations were made at the rate of 1 part in 99 
parts of water and 2 parts in 198 parts of water, by 
volume. The suspensions were placed in 25 cc. petri 
dishes and 20 mosquito larvae transferred to each 
dish. Several replicates were set up. The larvae were 
not immediately affected. This may have been due to 
the insolubility of the substance in water. They were 
attracted to the small droplets and, under binoculars 
could be seen feeding on them. Larvae began dying, 
at the end of 8 hours. All were dead after 24 hours 

A dust was prepared by impregnating 100 cc. of the 
standardized chlorinated extract in 100 grams of 
walnut shell flour. This was tested on adults of the 
lesser migratory grasshopper. Melanoplus mexicanus 
mexicanus and found to be ineffective. 

Conciustons.—Chlorinated extract of Amorpha 
fruticosa, like untreated extract, is a slowly volatile 
substance. When painted on a surface or exposed in 
a dust the active agents are nearly all evaporated 
after 24 hours. Untreated extract is repellent to 
many insects (Brett 1946b) but is relatively poor 
as a toxicant. Chlorinated extract gives off fumes 
which taste and smell like black walnut meats. When 
concentrated, these fumes were found to be ex- 
tremely toxic and quick acting on adult house flies 
and yellow fever mosquitoes. However, it appears 
that toxicity to man may also be high.—4-29-47. 


LirERATURE CITED 


Brett, Charles H. 1946a. Insecticidal properties 
of the Indigobush, Amorpha fruticosa. 
Jour. Agr. Res. 73(3): 81-96. 

Brett, Charles H. 1946b. Repellent properties of 
extract of Amorpha fruticosa. Jour. Econ. 
Ent. 39(6): 810. 





594 


Insecticides for Control of Thrips 
on Cotton’ 


R. K. Frercuer, J. C. Garves and W. L. Owen? 
Texas A & M College, College Station 


The economic importance of thrips injury to cot- 
ton has been recognized, but no satisfactory control 
for this pest has been recommended. In 1930, 
(Eddy & Clarke 1930) descriptions were given of 
the injury caused to seedling cotton by the onion 
thrips, Thrips tabaci Lind., in South Carolina. Addi- 
tional studies in that state (Eddy & Livingstone 
1931; Watts 1936) indicated that Frankliniella fusca 
Hinds and Frankliniella tritici (Fitch), caused a 
similar damage and occurred abundantly in cotton 
fields, Studies in Texas (Gaines 1934) indicated that 
Frankliniella tritici (Fitch) was an abundant species 
causing malformed plants and losses in yields, Con- 
tinued studies on this problem (Watts 1937; Fletcher 
& Gaines 1939) indicate that considerable losses oc- 
cur in some years as a result of thrips injury to seed- 
ling cotton. 

Tests herein reported were conducted at College 
Station during 1945 and 46 and at Terrell during 
1946 using both sprays and dusts, for the purpose 
of determining the comparative effectiveness of the 
different insecticides as well as the economy of con- 


1 Technica! contribution No. 1021, Texas Agricultural Experi- 
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Plant Quarar cine, United States Department of Agriculture. 
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trolling the pest. Samples of thrips were examined 
from time to time during the seasons and Franklini- 
ella tritici (Fitch) was found to be the most abundant 
species at both locations. 

Firevp Piats AND TrEATMENTS.—The plats in all 
the experiments were arranged in randomized blocks 
with 4 replicates of each treatment. Each plat was 
0.05 acre in size. The dusts were applied with rotary 
hand guns and the sprays with cylinder compressed 
air sprayers. In most cases, the first applications 
were made at the appearance of the dicotyledonous 
leaves. 

The insecticide dusts were applied to plats in ex- 
periment 1 on April 30, May 2 and 18, at an average 
rate of about 15 pounds per acre. In experiment 1A, 
the dust applications were made on May 2, 10, 18 
and 26, at an average rate of about 12 pounds per 
acre. The sprays were applied on May 1 and 25 in 
experiment 2, at an average rate of about 5.5 gallons 
per acre. In experiment 2A, the spray applications 
were made on May 19, 30 and June 16, at an average 
rate of 11.5 gallons per acre. 

The dusts and spray treatments were made in ex- 
periment 3 on May 9, 21 and June 5, at an average 
rate of about 15 pounds dust per acre. In experiment 
3A, treatments were made on May 18, June 4, 15 
and 26, at an average rate of 15 pounds dust per 
acre. Only one application was made in experiment 
4 on May 8. In experiment 4A, applications were 
made on April 20 and May 11, at an average rate of 
15 pounds dust per acre. The sprays were applied 
at an average rate of 12 gallons per acre. 


Table 1.—The average percentage thrips control following dust treatments as indicated at College 


Station during 1945. 








AVERAGE Per Cent ConTROL 





Experiment! 


Experiment 1A? 





1-6 Days 
after 
Treatment 


11-13 Days 
after 


TREATMENTS Treatment 


8-13 Days 
after 
Treatment 


2-7 Days 
after 
Treatment 





25.4 
24.1 
25.4 


92.1 
92.1 
88.8 


3% DDT-oil 
5% DDT 
10% DDT 
Lethane B-71 
(3.75% dust) 





76.6 31.4 








58.6 
59.1 
48.6 


65.2 
55.8 
48.6 





55.9 





58.4 





1 Average of 3 records following 3 applications. 
2 Average of 4 records following 4 applications. 


Table 2.—The average percentage thrips control following spray treatments as indicated at College 
Station during 1945. 








AVERAGE Per Cent ContTROL 





Experiment 2! 


Experiment 2A? 





8 to 24 Days| 
after 
Treatment 


to 7 Days 
after 


TREATMENTS Treatment 


11 to 12 Days 
after 
Treatment 


2 to 5 Days 
after 


Treatment Ave. 








68.4 
68.0 
76.8 


86.2 
84.9 
88.2 


5% DDT 
1% DDT 
2% DDT 








80.1 
71.8 
58.5 


80.8 
67.4 
52.4 


79.4 
76.1 
64.6 




















1 Average of 2 records following 2 applications. 
2 Average of 8 records follwing 3 applications, 
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Table 3.—The average percentage thrips control following treatments as indicated at College Station 
and Terrell, Texas, during 1946. 














| AVERAGE Per Cent ConTROL 





































































Experiment 3! Experiment 3A? Experiment 4° 
(Terrell) (Terrell) (College Station) 
8to8 |12to 14 6 to 8 |11 to 16 
Days | Days Days | Days 2 Days | 7 Days 
after | after after | after after | after 
Treat- | Treat- Treat- | Treat- Treat- | Treat- 
TREATMENTS ment | ment | Ave. | ment | ment ; Ave. | ment | ment | Ave. 
1% DDT spray | 75.7 | 58.9 | 64.8] 64.8 | 56.2 | 60.5 | 80.2; 81.2 | 80.7 
5% DDT-Sulphur (mech, mix.) 59.1 | 48.5 | 58.8 | 39.4 2.5} 21.0] 82.7 | 56.4 | 68.2 
5% DDT-Sulphur | 50.6 50.1 | 50.4 30.6 1.5 | 16.0 88.0 77.9 | 82.4 
5% DDT-pyrophyllite | 16.3 12.7 | 14.5 27.5 8.3 | 17.9 76.0 24.7 | 47.7 
Benzene Hexachloride-Sulphur | 64.2 | 36.8 | 50.5] 31.3 2.5|16.9 | 83.4 4.0 | 39.5 
(2.8% gamma isomer) 
Lethane B-71 (5% dust) | 40.7 | 49.2 | 45.0) 19.2] 14.6] 16.9 0 0 0 
Lethane B-72 (1% act. ingred.) | 51.8 | 51.2 | 51.5 17.5 10.2 | 18.8 15.7 23.4 | 20.1 

















1 Average of 3 records following 3 applications. 
2 Average of 4 records following 4 applications. 
8 Average of 1 record following 1 application. 









College Station and Terrell, Texas, during 1946. 


Table 4.—The average percentage ‘‘thrips injured” plants and yields for treatments as indicated at 
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ExPERi- 
MENT 4 
EXPERIMENT 3 ExpertMENtT 3A | (Coniece! Experiment 4A 
(TEaRELL) (TERRELL) Station) | (COLLEGE STATION) 
Per Cent | Yield, | Per Cent! Yield, | Per Cent Per Cent | Yield, 
“Thrips Pounds | “Thrips Pounds | “Thrips | “Thrips | Pounds 
Injured” | Seed Injured” | Seed | Injured’’ | Injured” | Seed 
TREATMENTS Plants Cotton'| Plants Cotton Plants Plants | Cotton 
1% DDT spray $.1 | 706 | 21.7 | 846 | $,8 32.0 | 1165 
5% DDT-Sulphur (mech. mix.) | 3.7 | 736 | 15.7 | 847 | 5.8 35.0 | 1190 
5% DDT-Sulphur (fused) 4.6 726 | 17.5 | 824 4.0 | ‘$1.2 | 1075 
5% DDT-pyrophyllite | 8.2 772 | 19.2 | 888 6.2 | 40.0 | 1205 
Benzene hexachloride-Sulphur | 2.4 707 15.2 | 8836 4.5 | 35.0 1170 
(2.38% gamma isomer) 
Lethane B-71 (5% Dust) Ny fe Se 19.0 862 4.8 35.5 | 1060 
Lethane B-72 (1% act. ingred.) 4.6 728 3.2 | 898 | 5.2 | 48.5 | 1125 
Check 4.3 722 18.7 898 3.8 44.0 | 1170 





1 Per Acre. 


Recorps.—The thrips infestation records were 
made by examining 20 plants which had been pulled 
at random in each plat and recording the number of 
thrips. These plants were placed in tightly closed 
paper bags for transporting to the laboratory and 
examined by striking the tops of plants against 
coarse hardware cloth above a black background. 

The percentage “thrips injured’’ plants were 
determined by examining several hundred plants in 
each plat for injury. The plants recorded as “thrips 
injured” were characterized by the occurrence of 
two or more main branches and also by excessive 
branching of the vegetative branches. 

The percentages of control were calculated by us- 
ing Abbott’s formula. 

Resuuits.—The thrips populations were low at 
College Station but high at Terrell. The cotton 
aphid may have been responsible for some injury 
at College Station during 1945, but did not occur 
in sufficient numbers to be considered injurious at 






















either College or Terrell during 1946. The percentage 
control obtained from the various insecticides, per- 
centage “thrips injured” plants and yields are shown 
in tabular form. In 1945, the DDT spray gave better 
control of thrips than the DDT or Lethane dusts. 
The sprays seemed to be effective over a longer pe- 
riod than the dusts, probably due to the dusts being 
more easily washed off by rains. The 0.5 per cent 
DDT spray gave about as good contro] even at the 
rate of 5.6 gallons per acre as the sprays containing 
1 and 2per cent, under the conditions of a low infesta- 
tion. Percentages of “thrips injured’ plants were 
not affected by either spray or dust treatments. — 
In tests conducted at Terrell where high thrips 
infestations occurred, the DDT sprays, applied at 
the rate of about 1 pound DDT per acre, gave better 
control of thrips than the dust mixtures, applied at 
the rate of about 12 ounces DDT per acre. The 
control was higher for both spray and dust treat- 
ments during the first 6 or 7 days following an ap- 
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plication. Two weeks after a treatment the percent- 
age control was low, due to thrips migrating into the 
plats and loss of effectiveness of the materials, The 
sprays seem to be effective for a longer period than 
the dusts. The DDT-sulphur, benzene hexachloride- 
sulphur and lethane pe mixtures were about 
equally effective. None of the treatments reduced the 
percentage “thrips injured” plants or increased 
yields. It seems probable that factors other than 
thrips were responsible for the so-called “thrips in- 


The thrips populations were low in experiments at 
College during 1946, but the percentage control was 
higher than in experiments at Terrell where the 
populations were high, 35 insects per plant. The 
poorest control was obtained from the sprays and 
dusts in experiments where the populations were 
highest. The DDT sprays again proved to be effec- 
tive over a longer period than the dusts. Neither the 
spray nor dust treatments reduced the percentage 
“injured plants” or increased the yields. In experi- 
ment 4A, thrips did not occur in sufficient numbers 
to be considered injurious, but the percentage “in- 
jured plants” was high. Other factors were probably 
responsible for this injury. However, careful observa- 
tions made during this period did not reveal these 
factors unless the excessive rains and cool weather 
contributed. 

Summary.—lInsecticide sprays and dusts reduced 
the thrips population, but these reductions did not 
affect the percentage “thrips injured”’ plants or in- 
crease the yield. Applications were necessary at 
weekly intervals to prevent re-infestation. None of 
the treatments used in these experiments proved to 
be profitable. 
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Toxicity of Certain Insecticides to the 
Chicken Mite’ 


Epuraim Hixson and Martin H. Muma, 
University of Nebraska, Lincoin 


In spite of the many chemicals that have been 
recommended for its control, the chicken mite, 
Dermanyssus gallinae (Deg.), is still a major pest of 
poultry. Nicotine sulphate, carbolineum, creosote, 
various petroleum oils, kerosene, and crude carbolic 


1 Published with the approval of the Director as Paper No. 
416, Nebraska Agricultural Experiment Station, Lincoln. 
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acid have been among the recommendations. Prac- 
tical poultrymen, however, use them only when 
forced to do so by an excessive mite population. 

While very disagreeable to apply, carbolineum 
has proved to be the most effective chicken mite 
control. General statements have been made con- 
cerning its lasting effects, such as “lasts several 
months,” and “‘effective over a long period of time,” 
but specific data showing its lasting qualities are 
lacking. 

Bishopp & Wagner (1931) found that nicotine 
sulphate as a fumigant gave a 100 per cent kill of 
chicken mites for 24 hours after application, a 50 per 
cent kill after 48 hours, and none killed after 96 
hours; that a spray of 1 to 9 and 1 to 50 of 40 per 
cent nicotine sulphate in water gave a satisfactory 
control after 3 days, Caler (1931) reported that a 50 
per cent oil emulsion gave a 100 per cent kill of 
chicken mites. 

Quigley & Cory (1946) concluded that DDT ap- 

ars to 4 a relatively safe insecticide in the laying 

ouse or hatchery when used in the dry form or as 
an emulsion. They found that chicken lice can be 
effectively controlled by dusting the roosting birds 
with 20 per cent DDT in pyrophyllite or ty the 
leather method with a 2, 10, or 20 per cent 
dust, but initial control is slow, requiring up to 48 
hours. 

Tests reported in this paper were carried out for 
the purposes of finding an insecticide more effective 
and practical in the control of chicken mites than 
those now in use, and of determining the length of 
time that continuous total mortality could be ex- 
pected. All tests were run in duplicate with adequate 
checks. 

Dust Tests.—In the original tests, dust formula- 
tions of azobenzene 5 per cent, benzene hexachloride 
5 per cent gamma isomer, and 2 per cent and 5 per 
cent chlordane were used to determine toxicity. The 
insecticide was dusted into a petri dish; mites were 
placed on the dusted surface; and the dish was 
covered to prevent their escape. At the end of 12 
hours the azobenzene and benzene hexachloride had 
caused total mortality. There were no dead mites in 
the 1068 tests at the end of 48 hours. 

Fitter Paper Tests.—lInsecticides used were 
diluted in the various solvents or water, except 
carbolineum. Per cent concentration was on a weight 
basis. The finished spray was applied with an atom- 
izing-type sprayer, at 10 pounds pressure, to both 
sides of a standard 3.5 inch filter paper until wet. It 
was allowed to dry before being used. Each paper 
was ringed with tanglefoot to prevent the mites’ 
escape. Dimethyl phthalate, Rutgers 6-12, and 
benzyl benzoate were tried as barriers. They were 
not effective repellents on the sprayed surfaces; how- 
ever, on the unsprayed surfaces they were effective. 
After the sprayed filter paper had dried, it was 
placed in a petri dish, without a cover so as to pre- 
vent any fumigating effect. The mites were released 
on the sprayed surface usually at 24-hour intervals. 
In no case were they sprayed directly. Those used 
were collected from an infested poultry house as 
needed and represented all stages of the life cycle. 
The number of mites per sample varied from ahost 
25 to 250. Since only total mortality was considered, 
the percentage below 100 was of no importance ex- 
cept to indicate an undesirable insecticide or a loss 
of toxicity. Readings were made at 24-hour intervals 
when time permitted. Longer periods were allowed 
on initial tests to be sure that a slow-acting material 
was not discarded too early. In later tests DDT was 
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allowed 48 hours since it required that long for 100 
per cent kill. After the readings were made, mites 
were removed and a new sample placed on the 
sprayed paper and the checks. Since this was a test 
of lasting qualities as well as toxicity, the papers 
were sprayed only once. Results of the filter paper 
test are shown in part in table 1. 


Table 1.—Insecticides that caused total mor- 
tality of chicken mites for 14 days or longer. 











Per Cent 
TOXICANT 
INSECTICIDES SOLVENT sy Weicut No. Days 

Carbolineum undiluted _ 26 
DDT water suspension 0.25 17 
DDT water suspension 0.50 23 
DDT water suspension 1.0 24 
DDT water suspension 2.0 471 
DDT water suspension 5.0 471 
DDT kerosene 0.25 16 
DDT kerosene 0.50 21 
DDT kerosene 1.0 47) 
DDT kerosene 2.0 47! 
DDT kerosene 5.0 471 
Pentachlorophenol alcohol 2.0 422 
Pentachlorophenol alcohol 5.0 412 
Pentachlorophenol kerosene 2.0 21 
Pentachlorophenol kerosene emulsion 2.0 26 





1 Ended because of a lack of mites. : ; 
2 Ended because of the encroachment of barrier material on 
the treated surface. 


Other insecticides tested by the filter-paper meth- 
od which gave total mortality for one to 14 days 
were: azobenzene in kerosene, 0.125 per cent, 2 days; 
0.25 per cent, 2 days; 0.50 per cent, 3 days; 1.0 per 
cent, 7 days; azobenzene in ethyl alcohol, 2.0 per 
cent, 5 days, and 5 per cent, 10 days; benzene hexa- 
chloride gamma isomer in ethy] alcohol, 2.0 per cent, 
5 days, and 5.0 per cent, 10 days; benzyl] benzoate in 
kerosene, 5.0 per cent, 3 days (0.5, 1.0 and 2.0 per 
cent benzyl] benzoate failed to cause total mortality) ; 
pentachlorophenol in kerosene, 0.25 per cent, 2 days 
0.50 per cent, 2 days, and 1.0 per cent, 9 days; kero- 
sene undiluted, 1 day. 

Woop Surrace Tests.—To determine the effect 
of various wood-building materials on the more ef- 
fective insecticides tested on filter paper, tests were 
made on rough-sawed wood, smooth wood, and 
press board (Celotex). One block each of smooth 
wood and press board was painted with standard 
casein paint and calcimine cold water paint. No dif- 
ference was found in the effect of the different paints. 

The boards were cut into 4-inch squares. A 2 per 
cent concentration of the insecticides in kerosene 
was used, except a 2 per cent water suspension of 
DDT, and carbolineum undiluted. The spray was 
applied to the wood blocks by the same methods de- 
scribed for the filter-paper tests. Mites were from 
the same source and handled as previously described. 
Results of this test are shown in table 2. 

Toxicity To Cu1cKkENs.—Information was sought 
on the toxicity of the better insecticides, as deter- 
mined in previous tests, to chickens and their pos- 
sible effect on egg flavor. Tests were made by spray- 
ing a breeding house 6 X 12 X6 feet with a 5 per cent 
concentration of the following: (1) pentachloro- 
phenol in Stoddards solvent, (2) pentachlorophenol 
in ethyl] alcohol, (3) benzene hexachloride water sus- 
pension, (4) DDT water suspension. Four hens with 
identifying bands were used in each house. Each hen 
was examined and found infested with live lice, al- 
though no effort was made to determine the popula- 
tion or species. Two hens were placed in each house 
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Table 2.—Insecticides causing total mortality 
to chicken mites on various wood surfaces. 








Te 1n Days For Totat Mortatity 


Painted Painted 
Rough Smooth Press smooth press 
wood _ board 








INSECTICIDE wi wood _ board 
Azobenzene 14 10 18 9 9 
Benzene 

hexachloride 14 10 14 9 9 
Pentachloropheno! 21 21 18 18 18 
Carbolineum 21 21 18 18 18 
DDT-kerosene 21 21 18 18 18 
DDT in water 

suspension 21 21 18 18 18 





1 A minus sign indicates that the exact number of days is not 
known but was leas than the number given. This test was closed 
at the end of 18 and 21 days because of a lack of mites. 


and sprayed directly until wet with the material used 
for that house. After that, the other two hens were 
placed in the house and were present while the house 
was sprayed, but these were not sprayed directly. 
The walls, roosts, nest boxes, and litter of each house 
were wet with spray. 

The 4 hens in the house sprayed with pentachloro- 
phenol in Stoddard solvent showed great distress and 
difficulty in breathing immediately after spraying. 
Two hours later they appeared near collapse. How- 
ever, by the next morning all symptoms had cleared 
up and the hens appeared normal. No signs of irrita- 
tion to the hens by the other materials were noticed. 

Hens were examined for lice in 24 hours. All lice 
were dead on the hens sprayed directly in all houses. 
On the unsprayed hens, the lice were dead except 
where DDT had been used. All lice on these hens 
were dead 48 hours later. The four test hens were re- 
moved from each sprayed house 4 days after spray- 
ing and four other lice-infested hens were introduced. 
At the end of 48 hours dead and live lice were found 
on all the hens in both the pentachlorophenol-treated 
houses. In the houses sprayed with benzene hexa- 
chloride and DDT all the lice were dead. 

Carbolineum is notorious for causing off-flavored 
eggs for several days after use in a laying house. Eggs 
exposed 16 hours on clean, unsprayed nest litter in 
the house sprayed with pentachlorophenol in Stod- 
dard solvent had an odor of naphtha and off-taste 
when fried. The second sample exposed 24 hours 
later had an off-odor raw and boiled, but no off- 
taste when either fried or boiled. In the house 
sprayed with pentachlorophenol in ethyl alcohol, the 
eggs had a sweetish odor raw and boiled but no off- 
taste. DDT did not affect the odor or taste of the 
eggs. In the house sprayed with benzene hexachlo- 
ride, the first sample of eggs exposed 16 hours had a 
strong musty odor raw and boiled and an off-taste 
fried and boiled. The sample exposed 24 hours later 
had an off-odor raw and boiled but no off-taste fried 
or boiled. 

Discussion AND ConcLusions.—Azobenzene was 
the only insecticide tested that acted as an ovicide. 
Mite eggs turned yellow and did not hatch. Eggs 
hatched in all other tests. Benzene hexachloride was 
irritating to the nose and eyes when sprayed and 
had a disagreeable and persistent odor, however, its 
effect on eggs’ flavor was of short duration. 

DDT was the most persistent insecticide tested 
and the slowest acting. The higher concentrations 
were killing 100 per cent of the mites when the test 
was closed after 47 days. Its ease of use, relatively 
low toxicity to chickens, and its known effective- 
ness against lice and flies are desirable qualities. 
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Pentachlorophenol was irritating to use for short 
riods. Its lasting qualities were good. It is a fast 
iller; however, its limited toxicity to lice from con- 
ang makes it less desirable for chickens than 
Carbolineum was third in lasting qualities and the 
most irritating and di ble to use. 
On the basis of these tests, DDT and pentachloro- 
phenol are both superior to carbolineum for chicken 
mite control.—8-7-47. 
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Predators, DDT, and Citrus Red Mite 
Populations 


Paut DeBacu, University of California Citrus 
Experiment Station, Riverside 

Recent entomological listerature contains many 
references to cases where phytophagous mite popu- 
lations have increased following application of DDT 
mor and dusts. Entomologists sometimes state 
that this phenomenon is a result of the elimination 
of the mite predators by DDT. For instance, G. C. 
Decker, et al., (1946) report that “In apple orchards 
where DDT has been used to control the codling 
moth, the destruction of predatory forms usually 
results in a serious increase in the mite population.” 
However, to the present author's knowledge, no de- 
tailed study has been published which demon- 
strates that the population of any species of mite is 
satisfactorily controlled in the field by predators. 
In fact the only. quantitative mite studies with 
which the author is familiar postulate that factors 
other than predators are responsible for the limita- 
tion of citrus red mite, Paratetranychus citri (McG.), 
populations, Henderson & Holloway (1942) present 
data showing that leaf-feeding injury by citrus red 
mites, as well as leaf age, directly influence mite 
fecundity. Presumably, should fecundity be greatly 
reduced, populations would decline. Holloway et al. 
(1942) also show that population increases of the 
citrus red mite are associated with the presence of 
inert spray residues on the trees. Since they did not 
find any correlation between numbers of predators 
and citrus red mites in the groves used for this work, 
it was concluded that the red mite increase was asso- 
ciated with some physical or chemical property of 
the spray residue. The most likely explanation would 
seem to be that residues make the leaf substratum 
more suitable for the adherence of the mites. 

Undoubtedly the factors measured by Henderson 
et al, have a definite influence on the population ecol- 
ogy of the citrus red mite, but field observations and 
pr wear by the author and field observations of 
others indicate that predators may also be an im- 
portant factor limiting citrus red mite populations. 

Experimental work, based upon previous knowl- 
edge! that DDT residues on citrus caused citrus red 


1 Dr. Lee R. Jeppson (unpublished notes) observed citrus red 
mite population increases following DDT application in many 
test plots. Jeppson also kindly 


vided the insecticidal applica- 
tions in the tests here domo # ’ ih oe 
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mite populations to increase, was initiated in March, 
1946, in an effort to determine if such results could 
be explained by the elimination of predators by 
DDT. Trees in three groves infested with citrus red 
mites were treated with DDT, 12.5 per cent in talc, 
applied both as a dust and spray at the rate of 2 
pounds per tree; straight tale applied both as a 
dust and spray at the rate of 2 pounds per tree; while 
check trees were untreated. There were 12 tree 
replicates with DDT, 10 tree replicates with talc, 
and 5 tree replicates untreated. The talc-treated 
trees were planned as a check for the possible effect 
of the inert residue upon mite populations. It was 
reasoned that, since 87.5 per cent of the DDT treat- 
ment residue was inert talc, the tale would obscure 
any effect that DDT itself might have acting as a 
residue. Therefore, any differential effects from the 
DDT-bearing residue should be due to causes other 
than physical modification of the substratum. 
Following treatment these trees were observed 
periodically. It soon became evident that marked 
differences existed between numbers of mites and 
—— on the various treatments. Final counts, 
ased upon a sample of 25 leaves per tree, were made 
on May 24, the results of which are given in table 1. 


Table 1.—Citrus red mites and predators per 
100 infested leaves. May 24, 1946. 











RATIO OF 
Citrus MITEs: 
Rep PrRED- PreEp- 
TREATMENT! Mires® ators® ATORS 
DDT 2802 9.7 237 .3:1 
Tale 1896 32.8 56.8:1 
Check (Untreated) 377 28.8 13.1:1 





1 Treatments applied March 7-11, 1946, to trees of similar 
initial mite population densities. Original counts were not made 
but observations would place the average initial mite densities 
on all trees between the average final densities on the talc and 
check trees. 

2 Spray and dust counts are grouped. ; : 

* Principally Stethorus picipes, Oligota oviformis, and Con- 
wentzia hageni. 


The preliminary nature of these data of necessity 
limits the conclusions which can be drawn even 
though the data are in close agreement with field 
observations. There is no question but that citrus 
red mite populations increased considerably on trees 
treated with DDT, nor that predators were much 
more scarce on the DDT trees than on untreated 
trees. Talc treatments also were correlated with red 
mite increases, but the residual action against 
predators apparently was shorter than with DDT. 
These data indicate, although they do not prove, 
that predators were responsible for the low popula- 
tion of mites on the untreated trees and that the 
reason that mites were heavy on the DDT trees was 
the scarcity of predators. The fact that the largest 
number of predators was found on the talc trees and 
yet these trees had many more red mites than the 
check trees does not invalidate the potentialities of 
the predators. It must be clearly understood that 
the data here presented represent but a single point 
in time, of phenomena continuous over a period of 
time. Such cyclical phenomena may show entirely 
different relations between host and predator popu- 
lations at different instants after the interaction 
starts. For instance, similar work with mealybug 
predators (unpublished manuscript), in which data 
were pot a over the entire population cycle, 
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showed that talc greatly reduced mealybug predator 
populations for a period and allowed a rapid mealy- 
bug increase but that predators were able to resume 
work on the tale trees much earlier than on DDT 
trees. Untreated trees “cleaned up” first and a sam- 
ple taken near the end of this “clean-up” would have 
shown more predators as well as more mealybugs on 
the tale trees. Therefore, as was clearly demon- 
strated in the mealybug work conducted on the 
same trees and at the same time as the mite work, 
the check trees represented in table 1 are very prob- 
ably at the end of a population cycle with mites 
reduced and predators disappearing; whereas the 
talc trees are probably about in the middle of a pop- 
ulation cycle with mites beginning to decrease and 
predators increasing, and the DDT trees are prob- 
ably at the peak mite population and the beginning 
of the predator population. Adequate proof, how- 
ever, of the hypothesis and indications given above 
would depend upon a series of periodic observations 
which demonstrated a correlation over a period of 
time between populations of the citrus red mite 
and its predators. Such a detailed quantitative study 
is in progress for 1947.—3-31-47. 
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DDT Emulsion to Control Mealybugs 
and Scale 


A. W. Morritt, Jr., Philippines-Ryukyus Com- 
mand, U. 8. Army, and F. Q. OTANEs, 
Philippine Bureau of Plant Industry, 
Manila, ; 


During the combat period of the war heavy ap- 
plications of DDT in oil were made to the Manila 
area by airplant for the control of adult flies and 
mosquitoes as reported by Griffiths (1946) and in the 
subsequent period of the liberation and reconstruc- 
tion air applications of greater or less thoroughness 
have frequently been made not only to the area of 
Manila proper but also to outlying districts. Al- 
though the assumption may not valid, it is com- 
monly speculated Son that the great apparent re- 
duction in the population of chalcid parasites of 
scale and Bh Hs. is largely attributable to this 
spraying. Whatever the cause, the population of 
scale insects and mealybugs has risen sharply. 
Though some of these were not of any considerable 
importance before the war, and in fact said to be 
fairly rare, they have in the past two years increased 
to become a common cause of destruction to orna- 
mental shrubs such as hibiscus and a cause of occa- 
sional heavy losses in commercial and residential 
plantings of breadfruit, mango, caimito, citrus and 
papaya. They are also common to bamboo, cotton, 
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late season tobacco and various s of croton. 

The nae of scale insects pie were tenta- 
tively identified as being largely the following: on 
bamboo, Asterolecanium hala (Bdv) and Coc- 
cus sp.; on hibiscus Saissetia hemisphaerica (Targi- 
oni), Saissetia nigra (Nietn.) and Lepidosaphes 
rubrovittatus ckll, mealybugs of pseudoccus spp., and 
especially what appear to be Ferrisia virgata, were 
found on mango, papaya, tobacco, cotton, bread- 
fruit, hibiscus, croton, palm and poinsettia. Puto 
spinosus was found on mango and what appeared to 
be Drosicha sp. a large species 10 to 15 mm. long, 
was found causing wraigg Pens of fruit from eon 
fruit trees in Baguio, Mountain Province. Pulvi- 
naria polygonata has become unusually pernicious to 
fruit trees, on the Manila area particularly to caimito 
and mango. This also holds in the case of Parlatoria 
ziziphus on several varieties of citrus and Lepido- 
saphes sp. on mango. Although the lack of parasites 
could not in all cases be even remotely connected 
with airplane spraying, there was a noticeable lack 
of parasitism especially in view of the pre-war level. 
Populations of scale averaged as high as 15 to 30 per 
linear inch on hibiscus and wild bamboo, a small- 
stalked, ornamental variety; mealybug infestations 
ran from 80 to 100 per square inch on leaves of 
hibiscus, poinsettia, papaya, etc. At the other ex- 
treme, one or two mealybugs per stem were appar- 
ently enough to cause stunting or drop of bread- 
fruit. The infestation of mealybug on_ hibiscus 
centered about the terminal shoots and caused leaf 
curl, making it difficult to wet the insects thoroughly 
even by overspraying. More positive identifications 
by Mr. Otanes were handicapped by the total de- 
struction of specimens and publications suffered by 
the Philippine Bureau of Plant Industry under the 
Japanese occupation, and the authors are indebted 
to Dr. Muesebeck, Mr. Morrison and Miss Russell 
of the U. S. Bureau of Entomology and Plant Quar- 
antine for checking several of the Coccidae. 

“Colloidal” suspensions formed by dissolving 

DT in acetone and then mixing with water had 
proved to be effective against Plutella maculipennis 
and Prodenia litura attacking crucifers in Quarter- 
master gardens and the tree-like castor bean com- 
monly used for shade in this region (1946). In this 
mixture the acetone was not sufficient to cause burn- 
ing of the plant but it was also insufficient to cut 
the waxy — coating of many of the scales 
and mealybugs. Because of this protection afforded 
the scale and mealybugs against the DDT and other 
suspensions in water, and since DDT solution in 
kerosene obviously could not be used unless first 
emulsified in the fashion of the once-popular remedy, 
it was decided to try the ready-mixed xylene emul- 
sion. 

On 10 April, 1947, heavy applications of DDT 
emulsion were made to infested plants in the Philip- 
pine University Area, Headquarters for the Philip- 
pines-Ryukyus Command of the United States 
Army, about 12 miles northeast of Manila. The 
emulsion was the standard Army issue, consisting 
of 20 per cent DDT, 65 per cent xylene, and 10 per 
cent Triton X-100, as developed by Jones and Fluno 
at Orlando, Florida (1946). It was diluted with water 
to a strength of 5 per cent DDT. Two days later a 
count revealed that all scale insects on treated 
pe and an ave of 83 per cent of the mealy- 

ugs had been killed by the single application. In- 
festation by chalcid parasites on untreated branches 
placed under confinement was found to range from 
1 to 15 per cent, averaging 10 per cent. A second 
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treatment of the plants still showing partial infesta- 
tion by mealybugs gave a complete kill. No burn was 
discernible on bamboo, hibiscus or croton. 

At the same time a spraying of infested mango, 
papaya and palm was conducted at the Experi- 
mental Station of the Bureau of Plant Industry on 
San Andres St. in the Malate District of Manila. 
This spraying gave complete control of mealybug 
and Lepidosaphes scale on mango but also resulted 
in slight to moderately serious burn to these plants. 
The mango leaves, in particular, showed a definite 
yellowing around the perimeter although in no case 
was the burn sufficient to cause injury of any conse- 
quence to the plant. Papaya, palm, mimosa, mango 
and breadfruit, sprayed with 2.5 per cent dilution 
of the emulsion at several Army installations in 
Rizal, Pampanga and Mountain Provinces, failed to 
burn the plants and gave equally good control after 
two applications. 

It was apparent, that the emulsion does not have 
any appreciable residual effect in this region, pos- 
sibly due to heavy rains which occur occasionally 
even during the dry season. Plants left untreated and 
on which no evident diminution of population oc- 
curred, provided a reservoir of infestation. Mealybug 
populations were found to commence building up on 
treated plants after a period varying from two weeks 
to a month. This reinfestation was also assisted by 
species of the ant, Solenopsis, principally geminata, 
which disappeared from the plants for 2 to 4 weeks 
after the spraying but reappeared at the end of that 
interval —5-27-47. 
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Hexaethy! Tetraphosphate 


James W. Hansen, California Spray Chemical 
Corporation, Richmond, California 


The compound prepared by the reaction of tri- 
ethyl phosphate and phosphorous oxychloride and 
sold commercially as “hexaethy] tetraphosphate” 
does not, as has been previously supposed, exist in 
this form, but is instead a fortuitous mixture of 
organic phosphates which has an average molecular 
weight and combustion analysis percentages agree- 
ing with the assigned formula. Although reported to 
be undistillable, it can be distilled by use of the 
proper techniques and separated into several inac- 
tive and one active fraction. This has been confirmed 
over a period of a year on a large number of samples. 

Chemical analyses of these fractions have shown 
that the active agent is a tetraethyl phosphate and 

is probably tetraethyl peroxydiphosphate. The in- 
active fractions are mixtures of simple and complex 
. ethyl phosphates and have negligible toxicity. There 
are no trustworthy chemical methods which can be 
used to determine the tetraethyl phosphate content 
in the crude products. 
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Tetraethy! phosphate is a stable, colorless liquid of 
refractive index 1.4200—20° C., which can be re- 
peatedly distilled without change or appreciable 
loss. It Thyslouligns readily in water and has al! of the 
characteristic behavior of the crude “HETP” fron 
which it was obtained. Its toxicity, as determined 
on mice, rats and a wide variety of insects is 5 to 10 
times that of the original material. 

To date, the only useful methods of analysis are 
distillation and bio assay, the latter having been 
refined to a high degree of accuracy (Hoskins & 
Caldwell 1947). By these methods, the tetraethy] 
phosphate content of most commercial “HETP” 
samples has been found to vary between 10 and 20 
per cent. A few very recent materials, however, have 
tested 30 per cent and higher. 

Bio assay and distillation results have always 
been in close agreement with each other, indicating 
that the tetraethyl phosphate is present as a sepa- 
rate material and does not arise by decomposition 
of a larger molecule. Based on bio assay the recovery 
of tetraethyl phosphate from the crude material is 
between 90 and 95 per cent, the loss presumably he- 
ing due to a slight amount of decomposition. 

Study of a large number of phosphate compounds 
has led to the speculation that diethyl phosphoric 
acid is the breakdown product formed in the body 
which is responsible for its toxic action. This is based 
on the observation that only those phosphate esters 
having two alkyl groups per phosphorous are toxic 
while mono and tri aklyl compounds are relatively 
non-toxic. 

The mechanism of action may well be an inter- 
ference with a phosphate enzyme system similar to 
adenosine triphosphate. In these systems each phos- 
phorous is connected to other groups by two ester 
linkages. A mono alkyl phosphate with two avail- 
able acid groups and a tri alkyl phosphate with none 
could be expected to have little effect, while a di- 
alkyl phosphate with only one available acid group 
might react so as to ‘a § the phosphate chain and 
inactivate the enzyme. The slight toxicity of the 
mono- and tri-alkyl phosphates can readily be ex- 
plained on a tendency of the alkyl groups to shift 
or hydrolize, forming small amounts of the dialkyl 
compound, 
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Calcium Arsenate and Nicotine to 
Control Boll Weevil and Cotton 
Aphid, 1939-1946 


R. C. Gatnes, M. T. Youne and G. L. Smitn, 
U.S.D.A., Agr. Research Adm., Bureau of En- 
tomology and Plant Quarantine 


Three methods of controlling the boll weevil, 
Anthonomus grandis Boh., and the cotton aphid, 
Aphis gossypii Glov., have been successfully used at 
Tallulah, La., during the last 8 years, namely, (1) the 
addition of 1 per cent of nicotine to all applications 
of calcium arsenate, (2) the addition of 2 per cent of 
nicotine to alternate applications of calcium arse- 
nate, and (3) the use of calcium arsenate plus separate 
applications of a mixture containing 3 per cent of 
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nicotine. Previous reports (Gaines ef al. 1940; 
Gaines 1941 and 1942; Young et al. 1942, 1943, and 
1945) have given the methods used to conduct field- 
plot experiments, together with the results obtained 
in some of the experiments. The purpose of this 
paper is to summarize the available information on 
the use of calcium arsenate and nicotine for the 
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control of boll weevils and cotton aphids. 

The results by the three methods are compared in 
table 1. Nicotine had no effect upon boll weevil in- 
festations. Nicotine, either mixed with calcium ar- 
senate or applied as a separate application in a mix- 
ture of nicotine sulfate, lime, and filter dust (ground 
tobacco stems) containing 3 per cent of nicotine, 


Table 1.—Effect on yield of seed cotton of adding 1 per cent of nicotine in all applications of 2 per 
cent of nicotine in alternate applications of calcivm arsenate, 1942-1946. 








TREATMENT 


SquaREs Punc-| APHIDS PER Pounps 
TURED BY SQUARE Seep Corron 
Boi WEEVILS Incu PER ACRE 





Experiments in 1942! 
Check (untreated) 
Calcium arsenate 


Mixture of calcium arsenate and nicotine sulfate: 


Nicotine 1% in all applications 

Nicotine 2% in alternate applications 
Calcium arsenate and 3% nicotine dust 

Minimum significant difference, 5% level 


Experiments in 1943 
Check (untreated) 
Calcium arsenate 


Mixture of calcium arsenate and nicotine sulfate: 


Nicotine 1% in all applications 

Nicotine 2% in alternate applications 
Calcium arsenate and 3% nicotine dust 

Minimum significant difference, 5% level 


Experiments in 1944) 
Check (untreated) 
Calcium arsenate 


Mixture of calcium arsenate and nicotine sulfate: 


Nicotine 1% in all applications 

Nicotine 2% in alternate applications 
Calcium arsenate and 3% nicotine dust 

Minimum significant difference, 5% level 


Experiments in 1945 
Check (untreated) 
Calcium arsenate 


Mixture of calcium arsenate and nicotine sulfate: 


Nicotine 1% in all applications 

Nicotine 2% in alternate applications 
Calcium arsenate and 3% nicotine dust 

Minimum significant difference, 5% level 


Experiments in 1946 
Check (untreated) 
Calcium arsenate 


Mixture of calcium arsenate and nicotine sulfate: 


Nicotine 1% in all applications 

Nicotine 2% in alternate applications 
Calcium arsenate and 3% nicotine dust 

Minimum significant difference, 5% level 


Average 1942-1946 
Check (untreated) 
Calcium arsenate 


Mixture of calcium arsenate and nicotine sulfate: 


Nicotine 1% in all applications 

Nicotine 2% in alternate applications 
Calcium arsenate and 3% nicotine dust 

Minimum significant difference, 5% level 


10.2% 01 1821 
° 16 1502 


.66 1955 
25 1772 
.79 2107 
.33 307 


.33 2146 
10 1998 


.58 2512 
-10 2563 
17 2269 
12 300 


.23 2655 
32 2572 


34 2565 
.86 2617 
42 2595 
.28 — 


.88 1238 
45 1748 


.53 1575 
13 1725 
.57 1703 
74 268 


.08 675 
.20 1155 


.02 1365 
.19 1395 
.80 1163 
18 263 


Pe 1707 
65 1795 


.83 1994 
31 2014 
35 1967 
ll _ 














1In 1942 and 1944 apglintions were started late in the season at low boll weevil infestations mainly for the protection of bolls 


and to study the effect of nicotine upon cotton aphids. 
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Table 2.—Yield of seed cotton in plots treated with calcium aresenate, alone and with 2 per cent 


of nicotine in alternate applications, 1942-1945. 





























YreLp or Srep Corron, Pounps per Acre 
2 per cent of nicotine in alternate applications 
} x i patie j ee PO Bee eee wae 
| Average for 
Check sub ee ’ nicotine other 
| Repui- | Apriica-| (un- | Calcium) Nicotine) Free Fixed | A new | than nicotine 
YEAR CATES TIONS | treated) | arsenate! sulfate | nicotine nicotine nicotine | sulfate 
1942 | 5 4 | 2012 1787 2103 1991 | — — | “1991 
1944 | 5 6 2052 1905 2310 2124 2253 | — 2188 
1944 + 4 3087 3125 3131 - poe 3031 
1945 5 5 1260 1386 1656 — 1740 | 1701 1720 
| 
Average 5 2108 | 2051 | 2300 _- pears ies 2232 
Increase over check — 52 197 129 
249 181 


Increase over calcium arsenate 





Table 3.—Yield of seed cotton in plots treated with calcium arsenate, alone and with either 2 or 
1.54 per cent of nicotine in alternate applications in the early morning and the late afternoon, 1946. 
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(Squares | Aphids | Yield {Squares| Aphids | Yield 
pune- | per square | pounds punc- | per square | pounds 
TREATMENT tured inch per acre | tured inch | _ per acre 
Check (untreated) 70% | 16.64 | 795 63% | 13.838 | 9806 
Calcium arsenate 54 | 36.51 1070 45 | (24.42 1106 
Alternate applications of nicotine- | 
calcium arsenate mixtures and 
calcium arsenate: 
Nicotine sulfate (nicotine 2%) 51 16.24 | 1000 | 6&1 .| 6.20 | 1863 
New nicotine (nicotine 1.54%) 56 15.55 12445 | 46 | 10.58 1500 
New nicotine X (nicotine 1.54%) 53 12.87 | 18% | 42 5.67 1531 
Minimum significant difference, 5% | 
level s | 6.61 188 6 | 6.67 233 











held the aphid population to about the same number 
as that found in the checks, and gave a significant 
increase in control of aphids when compared with 
calcium arsenate. The yields were about the same 
from each of the nicotine-treated plots, and each 
gave a substantial gain over calcium arsenate plots 
and the checks. 

Several nicotine preparations (Tables 2 and 3) 
were mixed with calcium arsenate and used in 
alternate applications against cotton aphids. All 
preparations were equally effective, with the ex- 
ception of two new materials tested in 1946. The 
aphid counts and the yields in the two replicated 
experiments indicated that mixtures of the new nico- 
tines and calcium arsenate, each containing 1.54 per 
cent of nicotine, were as effective as a mixture of 
nicotine sulfate and calcium arsenate containing 2 
per cent of nicotine. In one of those experiments the 
applications were made during the early morning 
(between 5 and 8 a.m.) and in the other during the 
late afternoon (between 5 and 8 p.m.). The early 
applications of nicotine-calcium arsenate mixtures 
permitted an average increase in yield of 14 per cent 


over calcium arsenate, while the late applications 
permitted an average increase of 32 per cent. Two 
of the nicotine-calcium arsenate mixtures, when ap- 
plied late, significantly reduced the number of aphids 
while the early applications did not. 


Table 4.—Average yield of seed cotton (pounds 
per acre) in plots treated with nicotine-calcium 
arsenate mixtures applied at different times of 
day and with calcium arsenate alone. 








| 1941. 








TREATMENT | 1945 | 1945 
Check (untreated) | 1260 | 1714 
Calcium arsenate plus nicotine: 
Early morning 1716 | 1939 
Late afternoon | 1682 | 2042 
Calcium arsenate | 1386 | 1754 
Minimum significant difference, 5% 
level | $27} 159 
| 














N 
° 
ta} 


ons 
‘wo 
Ap- 
ids 








August 1947 


‘ 


The information from 1941 to 1944 on the effect 
of nicotine applied with calcium arsenate at different 
times of day has already been summarized (Young 
et al. 1945). Table 4 presents the average yields 
for 1945 and for the period 1941-1945. Both early- 
morning and late-afternoon applications of nicotine- 
calcium arsenate mixtures gave significant increases 
in yield over calcium arsenate ond the checks. Late- 
afternoon applications of nicotine-calcium arsenate 
mixtures gave an average increase of 103 pounds of 
seed cotton per acre over early-morning applica- 
tions, which was a substantial gain but was within 
the limits of experimental error. 

Yields in plots treated with calcium arsenate con- 
taining 1 per cent of nicotine in all applications, 2 
per cent of nicotine in alternate applications, and 
with calcium arsenate plus separate applications of a 
dust containing $3 per cent of nicotine as needed 
have been grouped in table 5 and averaged for com- 
parison with calcium arsenate and with no treat- 
ment. The addition of nicotine to the calcium arse- 
nate for the control of the boll weevil gave an average 
increase in yield of 224 pounds of seed cotton per 
acre, which is significant. 


Table 5.—Summary of yields of seed cotton in 
plots treated with nicotine-calcium arsenate mix- 
tures for the control of the boll weevil and the 
cotton aphid, 1939-1946. 








| | Pounps PER ACRE 























| | Cal- 

| AVERAGE | cium 

NUMBER | | arse- 

NuMBER! OF Er- Cal- | nate 

OF FECTIVE , cium | plus 

Repui- | APPLIca- | | arse- | nico- 

YEAR | CATES | TIONS | Check nate | tine 

1939 7 | 4 | 1991 | 2183 | 2261 

1940 8 8 | 1436 | 1717 | 1903 

1941 15 7 761 | 1033 | 1465 

1942 26 5 | 1734 | 1687 | 1904 

1943 22 5 1820 | 1814 | 2142 

1944 23 + 2380 | 2405 | 2471 

1945 23 5 1332 | 1548 | 1860 

1946 14 7 759 | 1110 | 1236 
Total or | 

average 138 6 | 1527 | 1681 | 1905 

Increase over check 154 | 378 

Minimum significant difference, 5% level 123 








SuMMARY OF Resu.ts.—In experiments at Tal- 
lulah, La., 2 per cent of nicotine in alternate appli- 
cations of calcium arsenate, 1 per cent of nicotine in 
all applications of calcium arsenate, and calcium 
arsenate plus separate applications of a 3 per cent 
nicotine dust as needed were all equally effective for 
control of the boll weevil, Anthonomus grandis Boh., 
and the cotton aphid, A vhis gossypii Glov. 

Nicotine from all sources, when mixed with cal- 
cium arsenate, appeared to be equally effective 
against cotton aphids, with the exception of some 
new materials tested in 1946. 

Early-morning and late-afternoon applications of 
nicotine-calcium arsenate mixtures each gave a sig- 
nificant increase in yield over calcium arsenate and 
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over the checks, the late applications being slightly 
more effective. 

Cotton aphid control, by the addition of nicotine 
to the calcium arsenate program for boll weevil con- 
trol, in 188 replications from 1939 to 1946 gave an 
average increase in yield of 224 pounds of seed cot- 
ton per acre, which was significant .'—3-27-47. 


1G. L. Garrison and A. L. Soales assisted in the conduct of the 
experiments. 
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DDT and Other Treatments for the 
Control of Onion Thrips’ 
Joun L. Horrner? andW. C. Epmunpson*® 


For may years the commercial onion growers of 
Colorado have faced the risk of losing considerable 
tonnage because of the injury by thrips, Thrips tabaci 
Lind. Onion-seed growers have also had losses at- 
tributed to this insect. 

Insecticide tests were made on Sweet Spanish 
onions in the Arkansas Valley in 1936 to 1938 for 
the control of this insect. The conclusion at that time 
was that the insecticides then in use did not give 
significant yield increases, especially if the onions 
were kept moist and growing, a condition usually 
possible under irrigation. 

However, the Sweet Spanish variety is somewhat 
resistant to thrips injury; but in the western part of 
Colorado, Mountain Danvers, a variety susceptible 
to thrips injury, is grown for commercial use. 

EXPERIMENTS FoR 1945.—Testing of some new , 
insecticides for thrips control on Mountain Danvers 
was started at the Colorado Potato Experiment 
Station, Greeley, Colo. Each plot consisted of four 
rows, 12 feet long. The seeded rows were planted 12 
inches apart on raised beds. The beds were 4 inches 
high and 20 inches wide on top, with irrigation 

1 Scientific Series Paper 250, Colorado Agricultural Experi- 
ment Station, Ft. Collins. 


2 Associate Entomologist, Colorado Agr. Expt. Sta. 
§ Horticulturist, Bureau of Plant Industry, USDA., Greeley, 
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Table 1.—Thrips counts and yields of onions from plots treated to control onion thrips at Greeley, 
Colo., 1945. 
THRIPS 
CounTEep | NUMBER 
Toxic PER Pot | or THRIPS 
AGENT FOR THE | PER ONE- CompPuTED 
PER ACRE | SEASON. Har YIELD YIELD 
(5 Appitica-| Sum or 4 | PLANT PER PER PER 
PLot TREATMENT TIONS) Counts Count PLot ACRE 
Pounds Number Number Pounds Pounds 
A. Untreated check — 2024 50.6 37.2 28,974 
B. Tartar emetic, sugar 15.00 1534 38.3 44.5 34,614 
C. Nicotine sulfate, sugar 17.75 1454 37.5 40.5 31, 502 
D. DDT, 0.5 pound, Chlordane emulsion 3.75 728 18.2 49.5 38 , 502 
E. DDT, 0.5 pound, PD-544-B 3.75 641 16.0 48.6 37,819 
F. DDT, 0.5 pound, xylene 3.75 688 17.2 52.6 40 , 930 
G. DDT, 5% dust 10.00 1098 28.0 47.0 36 ,558 
H. DDT, 3% dust 6.00 1099 29.0 49.7 38 ,698 
Mean for experiment — 1158 — | 46.2 — 
Criteria for significance at: | | 
5-per cent point 140 | - 5.6 — 
MB fe cle ps Ns ~ 


1-per cent. point 





ditches on each side. The double bed and ditches 
were spaced 56 inches apart from center to center. 
An unplanted bed separated the plots on each side, 
and 4 feet of unplanted space separated the plots 
on each side and on the ends. Eight treatments were 
used with eight replications in an 8X8 latin square. 

Five applications of spray or dust were made at 
weekly intervals starting July 6. The sprays were 
applied at the approximate rate of 150 gallons per 
acre with a hand pump sprayer, one man operating 
the pump and one applying the material. The dusts 
were applied with a rotary hand duster at the rate 
of about 40 pounds per acre. 

The number of thrips was determined during the 
season by counting them in the field on 10 half 
plants in each plot. Four counts were made. The 
first three were made $ days after each of the first 


three applications and the fourth was made 10 days 

after the last application. 

The following insecticidal treatments were used: 

. Untreated check. 

. Tartar emetic, 2 pounds; white sugar, 4 
pounds; water, 100 gallons. 

. Nicotine sulfate (40-per cent), 1 quart; white 
sugar, 4 pounds; water, 100 gallons. 

. DDT, 0.5 pound; Velsicol A.R. 60, 390 cubic 
centimeters; Triton X-100, 126 cubic centi- 
meters; water, 100 gallons. 

E. DDT, 0.5 pounds; PD-544-B, 395 cubic centi- 
meters; Triton X-100, 126 cubic centimeters; 
water, 100 gallons. 

F. DDT, 0.5 pound; xylene, 450 cubic centi- 
meters; Triton X-100, 126 cubic centimeters; 
water, 100 gallons. 


5S AQ BPS 


Table 2.—Thrips counts and yield of onions from plots treated to control onion thrips at Greeley, 


Colo., 1946. 





























Toxic 7 HRIPS | THRIPS YIELD ComPUTED 
Appui-| AGENT | PER PLANT) PER YIELD 
Piot TREATMENT (CATIONS) PER ACRE ex AcE | Puor | PER PER Count, PLor PER ACRE 
| Num ave Pounds | N umber | Number Pounds Pounds 
Untreated check — | #3818 | 46.9 67.7 31,592 
DDT, 5-per cent dust in sulfur | 3 6.00 | ss2. | 14.7 95.1 44,365 
Nicotine sulfate, sugar 5 17.75 | 2186 36.4 76.4 35,647 
DDT emulsion | 5 $.75 | 1518 25.3 91.6 42,760 
DDT, water suspension ee 7.50 665 | 11.1 104.1 48 , 594 
Benzene hexachloride, water sus- | 
pension ar. 7.50 1845 30.7 95.0 44,337 
DDT, 5% dust in sulfur 5 10.00 572 9.5 100.7 46 ,993 
DDT, water suspension 3 4.50 898 14.9 102.9 48,015 
Mean for the whole experiment 1422 91.7 
Criteria for significance: 
5-per cent point 381.4 9.0 
1-per cent point 510.3 12.1 
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August 1947 
G. DDT, 5 pounds; pyrophyllite, 95 pounds. 
Used as dust. 
H. DDT, 3 pounds; pyrophyllite, 97 pounds. 
Used as dust. 


The bulbs were harvested and weighed on Septem- 
ber 6 and 7. 

The thrips counts and the yields of onions are 
shown in table 1. 

The plants that were sprayed or dusted with DDT 
showed less thrips injury and had a more vigorous 
appearance than those that were grown in the 
check plots or those that were sprayed with tartar 
emetic or nicotine sulfate. 

The data on thrips counts showed that all treat- 
ments reduced the number of thrips. The DDT 
emulsion gave better control than the DDT dusts, 
and all the DDT preparations were better than the 
nicotine sulfate or tartar emetic. 

The yield data show that spraying or dusting 
with DDT gave a significantly larger yield than 
that from spraying with nicotine sulfate or that 
from the untreated check. The spray and dust treat- 
ments with DDT produced an increase in yield to 
150 to 238 sacks (50 lbs.) per acre over the untreated 
check. The differences between plots sprayed with 
DDT and those dusted are not statistically sig- 
nificant. Of the materials tested, DDT shows the 
most promise for controlling thrips on Mountain 
Danvers onions. 

EXPERIMENTS FOR 1946.—Thrips-control] studies 
were continued in the summer of 1946. The plot 
length was increased to 20 feet. 

At the suggestion of Dr. James R. Douglass, Bu- 
reau of Entomology and Plant Quarantine, Twin 
Falls, Idaho, the method of counting thrips was im- 
proved. The tops from 10 onion plants from a plot 
were placed in a container over a modified Berlese 
funnel and heated in a temperature cabinet at 116° 
F. for 5 hours. At the end of the heating period the 
thrips were all in a shell vial of 70 per cent alcohol 
beneath the funnel. The thrips were then counted 
under a binocular microscope. 

Six counts of thrips were made at weekly inter- 
vals, starting July 15. Beginning July 11 the insecti- 
cides were applied at either weekly or biweekly in- 
tervals for a total of five or of three applications, re- 
spectively. 

The following insecticidal treatments were used: 

A. Untreated check. 

B. DDT, 65 pounds; pyrophyllite, 5 pounds; 
sulfur, 90 pounds. Biweekly applications. 

C. Nicotine sulfate, 1 quart; white sugar, 4 
pounds; water, 100 gallons. Weekly applica- 
tions. 

D. DDT, 0.5 pound; Velsicol A.R. 60, 390 cubic 
centimeters; Triton X-100, 126 cubic centi- 
meters; water, 100 gallons. Weekly applica- 
tions. 

E. DDT, 1 pound (2 pounds of the 50-per cent 
wettable powder); water, 100 gallons. Weekly 
applications. 

F. Benzene hexachloride, 1 pound (2 pounds of 
50-per cent wettable benzene hexachloride con- 
taining 5 per cent of the gamma isomer). 
Water, 100 gallons. Weekly applications. 

G. DDT, 5 pounds; pyrophyllite, 5 pounds; sul- 
fur, 90 pounds. Weekly applications. 

H. DDT, 1 pound (2 pounds of the 50-per cent 
wettable powder); water, 100 gallons. Bi- 
weekly applications. 

The results of the thrips counts and the yields of 

onions are shown in table 2. 
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All treatments reduced the thrips population. 
Yield data shown significant (1- per cent point) in- 
creases for all treatments except for the nicotine 
sulfate and sugar (treatment C). Benzene hexachlo- 
ride (treatment F) applied at the rate of 7.5 pounds 
an acre in five sprayings did not reduce the thrips 
population as much as DDT plus sulfur dust (treat- 
ment B) but gave the same yield. DDT in water sus- 
pension in three and five spray applications (H and 
E) and as a 5-per cent dust in five applications (G) 
reduced the number of thrips to a low figure and 
gave the highest yields. 





A DDT Emulsion Dip to Control 
Goat Lice 


A. W. A. Brown, Experimental Station, 
Suffield, Alberta, Canada 


The following successful experiment was _ per- 
formed on a large scale in consequence of a report 
by Babcock (1944) of complete kill of lice on goats 
by a 0.3 per cent DDT emulsion dip. 

A herd of 450 goats, 400 of which were Angora 
type, were dipped in a 0.25 per cent DDT emulsion 
in August, 1945. Most of the animals were heavily 
infested with Bovicola limbatus Gerv.? in all stages 
of development. Out of 100 goats sampled by part- 
ing the hair at 3 points along the back and estimat- 
ing the number of lice per square inch, 2 were in- 
fested in excess of 50 per sq. in., 6 showed 25-50 
per sq. in., 25 showed 10-25 per sq. in., 50 showed 
less than 10 per sq. in., and 17 were uninfested.’ 

The emulsion contained 0.25 per cent DDT, 2.5 
per cent xylene and 0.6 per cent laundry soap. It 
was prepared as a concentrate by adding the xylene 
solution of DDT to a hot aqueous soap concentrate 
and adding hot water to give a stable 1 per cent 
DDT emulsion; 200 gallons of this concentrate were 
diluted to 800 gallons for use. The total cost of the 
dip was approximately $35.00. The 450 goats were 
dipped in a 100-gallon steel tank, being held in the 
dip for 15 seconds and the heads immersed only 
momentarily. 

Examination 24 hours after the dip showed many 
dead lice, but 32 of the 100 goats sampled showed 
light surviving infestations. Examination at 48 hours 
showed no living lice on any of the goats. A third 
examination 2 weeks after the dip showed that all of 
the 100 goats sampled were entirely free of lice. In 
a final examination performed 15 weeks after the 
dip, only 7 of the 100 goats showed lice, on 4 of 
which only a single specimen could be found, 2 
showed 0.1 per sq. in., and 1 showed 0.5 per sq. in. 
No toxic effects of the dip were observed on the ani- 
mals, and a scarcely ‘perceptible eye inflammation, 
which occurred in about 15 per cent of the cases, 
was temporary and of no consequence.—4-3-47. 
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Control of Camnula pellucida with 
DNOC Emulsion from Aircraft 


A. W. A. Brown! ?3 


In this operation an emulsion of DNOC (3,5- 
dinitro-orthocresol) was substituted for the oil solu- 
tions previously employed for aircraft attack against 
grasshoppers (Brown & Putnam 1946). The target 
of a 1-mile length of prairie road allowance 


consi 
carrying a variable light to heavy infestation of 
Camnula pellucida Scudd. mainly in the fourth in- 


star nymphal stage. The roadsides were sown to 
wheat grass; denser vegetation occurred in 
the damp spots in the neighbourhood of 4 culverts 
crossing the road. The location was 8 miles north of 
Shaunavon in southeastern Saskatchewan. 

The aircraft employed was the Mitchell III 
(B25-J) bomber, flying at 210 m.p.h. approximately 
80 feet above terrain. Two per cent DNOC emulsion 
was emitted from the 279-gallon lower auxiliary fuel 
tank at 3.2 gallons per second from a 4-inch vertical 
emission pipe. A length of road allowance 1 mile long 
and 22 yards wide was covered by $ emission runs 
of the aircraft. 

The aircraft tank was charged with 200 imperial 

lions of emulsion consisting of 40 lbs. of DNOC 

issolved in 100 Ibs. xylene to which 8 lbs. of Triton- 
X-100 emulsifier was added; this solution was made 
up to 200 gallons with water. One-half pound of 
illiams Red dye was added to the xylene fraction 
to permit colorimetric assessment of the spray de- 
posit to be made. The emulsion was mixed 30 hours 
before the trial, and only a slight degree of “cream- 
ing” (upward floating of oil globules) had occurred 
in 2 days. 

Four hours before the trial, visual estimates were 
made of the grasshopper population in the gfass on 
either side of the road. Individual estimates of the 
population per square yard were made every 10 
yards along both road margins, and also in the wheat 
and barley crops where they adjoined the road al- 
lowance. On the morning following the spray a 
visual estimate was made of the surviving popula- 
tion by the same method and at roughly the same 
points at which the original population was esti- 
mated. In addition, a count of dead and affected grass- 
hoppers was made on a square yard of ground at 
points at 10-yard intervals where the original popu- 
lation had been high, i.e. in low ground where the 
vegetation was heavy. 

For colorimetric assessment of the deposit, sam- 

ling points, each consisting of a 1.5 foot square card- 
Coat with a 4-inch petri dish on it, were located at 
50-yard intervals along both sides of the road. 
Thirty-four points were established on the north 
side and $5 on the south side. 

The spray operation was carried out on June 21, 
1946, between 6:40 and 6:55 P.m., under conditions 
of slight lapse (upward convection). The wind was 
light, 3 to 5 m.p.h., direction N.N.W. Instructions 
were relayed to the pilot by radio from the ground. 
The aircraft flew on tracks parallel to the road from 
W. to E. The first two tracks were 35 yards upwind 
(N) of the road, and the last track 55 yards upwind. 
The emission valve was opened 90 yards before the 


1 Experimental Station, Suffield, Alberta (Department of 
National Defence, Canada). 

? Assisted by L. G. Putnam. i 

* Dominion Entomological Laboratory, Lethbridge, Alberta 
(Department of Agriculture, Canada). 
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beginning of the road and was closed when the air- 
craft passed over the next cro s 1 mile away, 

The deposited spray was found by direct obserya- 
tion to form a continuous swath 75 yards wide, ex. 
tending 15 yards north of the road allowance and 
40 yards south of it. The deposit extended right up 
to the crossroads at either end. The coverage was 
remarkably even, all sampling points showing spot 
deposit between the extremes of 0.2 and 2.3 |bs, 
DNOC per acre. The average deposit density on the 
north side of the road was equivalent to 1.4 lbs. per 
acre, and on the south side 0.9 Ib. per acre, giving 
an overall average deposit density of 1.1 lbs per acre, 
The amount of spray emitted during the operation 
was 160 gallons of emulsion, representing $2 Ibs. of 
DNOC., Counts of dead grasshoppers on the ground 


Table 1.—The average population of live grass- 
hoppers remaining on the following morning, on 
the roadsides and in the crop, tabulated for com- 


parison with the original estimated population. 














Est’p. Porvu- Per 
Numer} TIon/Sq. Yo. | Crnt 
TYPE OF OF Repvc- 
VEGETATION | SAMPLES| Before | After | tion 
Roadside grass} 206 7.5 1.9 75 
Adjoining crop| 36 7.3 0.3 96 
Low ground 
(culverts) 12 12.8 5.8 55 

















gave an average of only 2.9 per square yard, of 
which 35 per cent were Melanoplus bivittatus and 
M. mevicanus. It is probable that not all of the in- 
conspicuous corpses of Camnula had been found. The 
reduction in population in the present experiment of 
approximately 75 per cent is roughly the same as 
that obtained with DNOC oil solution against M. 
mexicanus in 1945 (loc. cit.). 

Observation of the herbicidal effect of the DNOC 
spray made several days later, showed no appreci- 
able damage to the crested wheat grass on the road- 
sides. The wheat in the field adjoining the road was 
visibly burned, but examination of the heads 5 
weeks later indicated. that the crop had probably 
not been damaged. The weeds in the crop, mainly 
stinkweed and lambs quarters, were heavily burned 
and the latter’s growth was definitely retarded. 
Foliage of caragana and boxelder in a farm-yard at 
the end of the treated road was rather severely 
burned. 

Summary.—A spray of 2 per cent DNOC in 
aqueous emulsion with xylene and Triton-X-100, 
emitted to the extent of 32 lbs. of DNOC from a 
Mitchell III aircraft in 3 superimposed emission 
runs over a 1-mile long roadside, exhibiting a light 
to heavy infestation of Camnula pellucida nymphs in 
crested wheat grass, caused a population reduction of 
approximately 75 per cent.‘ 
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Control of Melanoplus mexicanus 
from Aircraft with Oil Bait 
Containing Chlordane 


A. W. A. Brown! ? 


The following operation was designed to test the 
efficacy of an oil-base bran-sawdust bait containing 
commercial chlordane for grasshopper control when 
emitted from a light aircraft. It was performed on a 
moderate infestation of Melanoplus m. mexicanus 
Sauss. in the adult stage in summer-fallow, covered 
with Russian thistle, pigweed and volunteer wheat, 
at Majorville, near Bassano, Alberta. 

The aircraft employed was a Noorduyn Norseman 
(C-64), flying at 115 m.p.h. approximately 100 feet 
above terrain. It was fitted with a duralumin hopper 
designed to deliver bait without the aid of moving 
parts, utilizing instead the suction of the slipstream. 
The aperture of the hopper gate was set to a 1.4-inch 
opening, to give an average delivery rate of 8 pounds 
of bait per second. A strip field 1 mile long and 130 
yards wide, comprising 47.3 acres, was covered by 4 
emission runs of the aircraft. 

The aircraft carried 880 Ibs. of bait in weighed 
bags of 40 Ibs. each. For each emission run the hop- 
per was loaded with 220 Ibs. of bait, which was com- 
pletely expended. The bait contained $.8 per cent 
of chlordane (90 per cent pure). Twelve Ibs. of chlor- 
dane technical grade were added to every 300 lbs. of 
bran-sawdust (1 to 2) mixture and 55 lbs. of Pale 
Base Oil 100. The insecticide was dissolved in the oil 
and sprayed into the bran-sawdust as it rotated in a 
cement-mixer. Sieve analysis of this bait showed that 
91 per cent by weight of the particles were between 
8- and 60-mesh size (U. S. Standard Sieve Series). 

An estimate of the grasshopper population was 
made 4 hours before the trial by making 126 individ- 
ual square-yard estimates at 10-yard intervals on 9 
rows each 200 yards apart running across the field. 
The average population was determined to be 3.1 
per square yard by one observer and 4.5 per square 
yard by a second observer. Since the observations 
for results would necessarily cover a number of days, 
a similar field was selected as a control to follow the 
natural decrease in population. Average estimates 
for this control field were 3.6 and 3.3 per square yard 
respectively. Estimates of the surviving population 
were made at the same points 1, 2, and 6 days after 
the trial, and on the seventh day in the control area. 
In addition, counts of dead grasshoppers per square 
yard of ground were made $ days after the trial at 56 
points on 4 rows. 

The assessment of the bait deposited on the field 
was made by exposing 70 metal trays, 2 feet square, 
at 14 points on 5 rows each 400 yards apart, The 
trays were taken into a mobile laboratory driven into 
the field after the operation, and the bait deposit was 
weighed. 

1 Experimental Station, Suffield, Alberta (Department of 
National Defence, Canada). 


* Assisted by L. S, Putnam. Dominion Entomological Labora- 
tory, Lethbridge, Alberta (Department of Agriculture, Canada). 


ScrENTIFIC NOTES 607 


The baiting operation was carried out on Sep- 
tember 11, 1946, between 5:45 and 6:15 p.m., under 
conditions of slight lapse (upward convection). The 
wind was light, 6 to 8 m.p.h., varying from E to 
NE. The aircraft flew on tracks parallel to the 
length of the field from S to N, each track being 
downwind of the preceding one. The first track was 
20 yards upwind of the upwind margin of the field, 
the second and fourth both 25 yards downwind of 
the upwind margin, and third 70 yards downwind of 
the upwind margin. The height of the first two runs 
was 75 feet, and of the third and fourth runs 100 
feet. Ground markers at each end of the field were 
moved to mark each track, and the height required 
was relayed to the pilot by radio from the ground. 

The coverage of the bait over the field, as measured 
by the deposit densities recovered on the trays, was 
notably even. The last 200 yards of the field on the 
north, however, was reached by only one of the four 
emission runs. With this exception, spot densities re- 
corded on the field varied between the outside limits 
of 3.6 and $1.6 lbs. per acre, the average deposit 
being 15.4 lbs. per acre. This would represent 650 
lbs. of bait over the whole 47-acre field, which cor- 
responds to 74 per cent of the 889 Ibs. expended. 
The rate of application of Velsicol 1068 on this basis 
would be 0.61 lbs. per acre applied and 0.44 lbs. per 
acre deposited, on the average for the whole field. 

Dead grasshoppers were already conspicuous on 
the treated field at 2 p.m. on the day following the 
operation. The average population had dropped to 
1.35 per square yard, or 43 per cent of the pre-treat- 
ment count made by the same observer. Estimates 
made 2 days after the operation showed an average 
population of 0.67 per square yard, or 22 per cent of 
the original estimate. Counts of dead grasshoppers 
per square yard of ground made $ days after the 
operation yielded an average of 2.64 per square yard, 
or 65 per cent of the original estimated population. 

The final estimates of the surviving population 
were made 6 days after the operation by the same 
two observers. The first observer obtained an average 
figure of 0.28 per square yard, or 9 per cent of his 
pre-treatment estimate. The second observer ob- 
tained an average of 0.10 per square yard, or 2 per 
cent of his original estimate. Nearly a half of this 
surviving population was confined to the extreme 
eastern edge of the field, where the bait deposit did 
not overlap outwards to form a barrier zone outside 
the field. The estimate of population in the control 
field made on the following day was 2.5 per square 
yard, or 70 per cent of the population obtaining 
= the experiment was performed 7 days previ- 
ously. 

SumMary.—A total of 880 Ibs. of an oil-base bran- 
sawdust bait containing 3.3 per cent of commercial 
chlordane (i.e. 29 lbs.) emitted from a Norseman 
aircraft in 4 parallel emission runs over a 47-acre 
field, 1 mile long by 130 yards wide, moderately in- 
fested with Melanoplus mericanus adults, caused a 
population reduction in 6 days of approximately 
95 per cent.—4-3-47, 
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Is Entomology Zoology?! 


As new fields of learning and specializa- 
tion develop from older fields, it often is 
difficult to determine at what point they 
should be designated as separate and dis- 
tinct new fields and what their relations 
to the parent and other fields should be. 
This is somewhat the situation in ento- 
mology at the present time. The relation- 
ship of entomology to zoology is not 
merely an academic question. The an- 
swer is perhaps of greater importance in 
educational institutions than elsewhere, 
since it is of consequence in designating 
departments, deciding in what school of a 
college or university entomology should 
be taught, student and faculty relation- 
ships, committee appointments, curricu- 
lum building, determining where sci- 
entific papers should be published, and 
joining technical societies. 

This question is not unique among the- 
sciences since it is comparable to the 
relation of soils to agronomy, geology, 
and chemistry; chemical engineering to 
chemistry and engineering; mycology to 
botany and plant pathology, and engi- 
neering to physics. 

Entomology had its origin in the an- 
cient natural philosophy or natural his- 
tory of Aristotle, Pliny, and the medieval 
writings of such naturalists as Gesner, 
Swammerdam, Leeuwenhoek, Réaumur 
and DeGeer. With the rise of separate 
divisions of biology, entomology con- 
tinued to be part of zoology, where it has 
remained almost to the present time. 

Entomology, according to catalogs, is 
taught in some 50 departments of zoology 
in the United States. Many zoologists 
and others still think of this subject as 
being merely a phase or specialty of zool- 
ogy. Some even think of it as a service 
department of zoology. The question 
whether the subject matter and profes- 


1 Contribution No. 55% from the Department of Entomology. 


sional field of entomology is properly in- 
cluded in the broader field of zoology ap- 
pears to be a puzzle not only to some en- 
tomologists and zoologists but also to 
agriculturists and the public generally. 
Entomology in its broadest sense is the 
science dealing with the arthropods. Cer- 
tainly well over nine-tenths of the em- 
phasis of entomologists is given to the 
insects, which comprise, taxonomically, 
about nine-tenths of the Arthropoda. 
There are two main aspects of the science 
of entomology: 
1. Basic and fundamental facts relative to the 
morphology, embryology, taxonomy, physiol- 
ogy, and ecology of insects and other arthro- 


pods. 

2. The economic importance of the many species 
of arthropods particularly insects, the damage, 
and losses caused by harmful species, their 
natural and biological control, and the study of 
such beneficial species as honeybees. 


The fundamental facts about insects 
and other arthropods are comparable 
to and co-extensive with those _per- 
taining to forms in related animal phyla. 
This phase of entomology is zoology or 
zoological. The economic importance of 
the arthropods, which is applied ento- 
mology, bears little relation to other ani- 
mal phyla and is not zoology. It is more 
closely related to agriculture, the physical 
sciences, especially chemistry and _ soils 
and other non-zoological fields. Applied 
entomology is actually a separate field of 
specialization of entomology and is no 
more zoology than are the animal indus- 
try sciences (animal husbandry, dairy 
husbandry, and poultry husbandry) or 
than engineering is physics. It follows 
that not all phases of entomology are 
included in the broader term of zoological 
sciences. In fact (in some countries) there 
are those who regard entomology as a 
plant science, in which case insect damage 
is included among the plant diseases. Few 
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if any American entomologists consider 
the subject a plant science, though pos- 
sibly three-fourths of the efforts of applied 
entomologists have been directed towards 
the prevention of insect damage to plants 
and plant products. 

The field of entomology is divided into 
the two phases mentioned—basic and 
applied—by the National Roster of 
Scientific and Specialized Personnel.! The 
Entomological Society of America stresses 
the first division of the field, and the 
American Association of Economic Ento- 
mologists covers the second. 

Some persons have suggested uniting 
the two national entomological societies, 
which would require that the phases of the 
subject be recognized by means of sec- 
tions. This suggestion has considerable 
argument to support it. A single society 
would indicate that entomology is a single 
field and not two fields. On the other 
hand, this paper stresses the fact that 
there are two aspects of our field as 
represented by the two societies and it is 
reasonable to expect that the membership 
in both will increase with the years and 
that the subject matter of both will di- 
verge more as technical information in 
both fields increases. 

In many institutions the Department of 
Entomology is in the School of Agriculture 
and the subject is considered an agricul- 
tural science. In others zoology and en- 
tomology are combined in a single De- 
partment of Zoology and Entomology. In 
view of the relationships of applied en- 
tomology, each such department should 
be designated as the Department of 
Zoology and Applied Entomology. In fact, 
this is the name now applied to the com- 
bined department in the newly organized 
Imperial College of Science and Technol- 
ogy at London.” At the University of Wis- 
consin, there is a Department of Eco- 
nomic Entomology, but certain courses in 
basic entomology are taught in the De- 
partment of Zoology. 

It should be realized that all learned 
subjects and specializations are related to 
all other fields. None is distinct—all are 
to some extent in-between fields. This is 


1 Description of the Profession of Entomology Issued by the 
War Manpower Commission. Jour. Econ. Ent. 37(1): 165-6, 
Feb. 1944. 

? Ellingham, H. J. T. The Imperial College of Science and 
Technology. Endeavor 5(9): 90-5. July 1946. 
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particularly true of Applied Entomology. 
It draws on all the sciences and arts. It is 
not the narrow specialization many per- 
sons think it is. The subject is actually so 
broad that few profess a competence in 
all its aspects. Basic and Applied Ento- 
mology are not wholly separate fields of 
specialization. They have much in com- 
mon. Many persons make contributions 
to both phases of the field. 

Economic or Applied Entomology 
makes considerable use of the facts and 
contributions of the specialists in mor- 
phology, taxonomy, physiology, etc. Ac- 
tually, the field of Applied Entomology 
has basic and fundamental entomology 
as its foundation. College training for 
Applied Entomology normally begins 
with fundamental entomology. 

Some applied or economic entomolo- 
gists, no doubt, regard their field as being 
just as “basic and fundamental” as is 
morphology, taxonomy, or physiology. 
Basic and fundamental are not perfect 
descriptive terms, but they are the best so 
far thought of for this aspect of the sub- 
ject. Furthermore, there are those who 
have pronounced objections to the term 
“economic,”’ in which case the term “‘ap- 
plied”’ is more acceptable. 

Applied Entomology bears closest re- 
lationships in zoology to economic zoology 
and ecology. But economic zoology, 
judging by well known texts, is devoted to 
a brief, elementary, general discussion of 
the economic relations of animals by 
phyla and does not include much applied 
entomology. There is much of ecology in 
applied entomology, but here again texts 
in ecology and specialists include chiefly 
fundamental information about environ- 
mental relationships of all animals, par- 
ticularly aquatic, and give little of what 
constitutes applied entomology. 

The answer, then, to the question—Is 
entomology zoology?—is “‘yes ’’and “‘no.”’ 
A part of it is zoology, but the phase of the 
subject engaging the largest number of 
professional entomologists and for which 
possibly nine-tenths of entomological 
funds are expended—applied entomol- 
ogy—is not zoology. The time has there- 
fore come, in the judgment of entomolo- 
gists to consider entomology to be a 
separate field of biological science. 

Rocer C. Situ 
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OBITUARY 
Franklin Sherman, 1877-1947 


Franklin Sherman, Professor of Zoology and 
Entomology, Clemson College, South Carolina, died 
at his home in Clemson at 4 p.m. on June 23, 1947. 
His death was the result of a severe heart attack 
which overcame him on the afternoon of June 22. 
He is survived by his wife, formerly Miss Grace 
Berry of McLean, Virginia; one daughter, Mrs. 
Grace C. Gregg of Fort Bragg; three sons: Franklin 
Sherman III, Lansing, Michigan; Dallas B. Sher- 
man, Washington, D. C., and Joseph E. Sherman, 
Gainesville, Florida. Funeral services were conducted 


at the Clemson Methodist Church June 24 at 5 p.m. 
Interment was in the college cemetery. 

Franklin Sherman was born in Ash Grove, Fairfax 
County, Virginia, November 2, 1877. 

Professor Sherman received his B.S.A. from Cor- 
nell University in 1900. He received his honorary 
M.S. degree from Maryland Agricultural College in 
1912. He was assistant to entomologist of the Ex- 
periment Station of Maryland Agricultural College 
from 1897 to 98; Deputy Nursery Inspector, Wiscon- 
sin, 1899; Chief Entomologist of State Department 
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of Agriculture, Raleigh, North Carolina, 1900-05; 
Professor of Entomology and Zoology, Ontario Agri- 
cultural College, Guelph, Canada, 1905-06. He then 
returned to the State Department of Agriculture, 
Raleigh, North Carolina, as entomologist in 1906 
and continued his services in this capacity until 
1925 when he took the position of fessor of 
Entomology and Zoology and Chief of the Division, 
Clemson College, Clemson, South Carolina, in 1925, 
continuing in this position the remainder of his life. 

Professor Sherman was a fellow of the American 
Association for the Advancement of Science; past 
president of the American Association of Economic 
Entomologists; past president of the North Carolina 
Academy of Science and the South Carolina Acad- 
emy of Science. 

While his chief interests were in entomology, both 
economic and taxonomic, he also took a consider- 
able interest in ornithology and herpetology. In 
the state collections of insects in both North 
Carolina and South Carolina Professor Sherman was 
instrumental in building up two of the finest collec- 
tions of insects in the South. 

Many of Professor Sherman’s students in both 
North Carolina A & E College and Clemson College 
have become outstanding entomologists in different 
states. One of his assistants, C. S. Brimley, became 
keenly interested in collecting the insects of North 
Carolina from the various habitats and from Pro- 
fessor Sherman’s collection and notes wrote the book 
entitled “The Insects of North Carolina.” While at 
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Clemson Professor Sherman directed a great deal of 
attention to adding to the state collection of insects 
and was hopeful of writing a book on the insects of 
South Carolina. At the time of his death he had listed 
18,000 different species which he counted approx- 
imately half of the total species of the state. In both 

itions in North Carolina and South Carolina Pro- 
essor Sherman wrote many articles for the entomo- 
logical journals and also published bulletins and 
circulars in large numbers. 

A life of 47 full and happy years was devoted to 
his chosen field. He was instrumental in developing 
a real constructive interest in entomology of many 
leaders of today. He had a unique way of creating 
interest and holding the attention with beginners 
and those of advanced experience. He took a special 
interest in those who were his assistants. Always 
kind and considerate and ready to advise them at all 
times. His philosophy of life, known best by those 
who worked with him, has left worthy impressions 
never to be forgotten. His devotion to his wife and 
family was always obvious and it is such a relation- 
ship that enables men to hold on to their highest 
ideals and make life a thoroughly enjoyable experi- 
ence. All who knew Franklin Sherman will miss his 
genial smile and kindly ways, his happy disposition 
and attractive personality. While we bow to our 
personal loss of a dear friend, with the knowledge 
that the world has gained an inspiration from this 
outstanding scientist and gentleman. 

G. M. BrentLey 


John Samuel Bouser, 1881-1947 


John Samuel Houser, eldest son of Henry and 
Edna Norris Houser, was born April 19, 1881 near 
Oxford, Kansas. His father was a farmer and during 
pre-school days he was his father’s constant com- 
panion—even to the extent of riding in a special 
box mounted on the walking plow as the father cul- 
tivated the corn. At the age of nine he was helpi 
tend the crops, and from the farm home attended 
the high school in Oxford, Kansas, from which he 
was graduated in 1899. He then entered Kansas 
State Agricultural College where he became inter- 
ested in the subject of entomology. He helped to 
finance his college education by raising wheat on the 
home farm, but as he worked in the fields each sum- 
mer he was not without the insect collecting net and 
was always alert to capture some interesting insect 
specimen, 

From his parents he inherited a love for growi 
things and his preferred recreation consisted ‘of 
roaming the fields and woods and acquainting him- 
self with plants, birds and insects. This living for 
brief periods in the great out-doors was followed 
throughout his life, and he delighted to share with 
others everything nature offered for his enjoyment. 

Early in the spring of 1903 Prof. H. A. Gossard, 
then chief of the Department of Entomology of the 
Ohio Experiment Station, went to Manhattan, 
Kansas, looking for an assistant. John Houser was 
recommended to him and was selected for the posi- 
tion. He returned the next year to finish his college 
work and was graduated with the class of 1904. In 
1907 he was granted a two year leave from the Ohio 
Experiment Station to carry on entomological work 
in Cuba—working at the Estacion Experimental 
Agronomica at Santiago de Las Vegas. Sa cetenaad 
to the Ohio Experiment Station as an associate in 


1909—continuing in this capacity until 1925 with 
but one interruption to complete graduate work at 
Cornell University where he received the degree of 
Master of Science in 1911. Upon the death of Pro- 
fessor Gossard in 1926, Mr. Houser became chief of 
the Department of Entomology, which position he 
occupied at the time of his death. He received the 
honorary degree of Doctor of Science from his alma 
mater, Kansas State Agricultural College in 1944. 
Mr. Houser was president of the American Associ- 
ation of Economic Entomologists in 1931 and has 
been active on committees in this organization for 
twenty years. His judgment on matters of policy 
were always valued and his foresightedness and con- 
servative manner of procedure on entomological 
problems were well known and his advice valued by 
those who were associated with him. In spite of his 
many administrative duties, his work table was 
always well supplied with rearing cages and vials, 
some of which contained choice specimens that he 
was attempting to rear to maturity. He never lost 
the love for collecting and rearing insects that offered 
ibilities of yielding some facts new to the science 
e loved. Our entomological programs were punctu- 
ated with some of these fragments of observations 
that he found time to carry out and record for future 
entomologists. His chief interest entomologically was 
in the field of forest insects and he attended regularly 
the meetings of the National Shade Tree Conference 
of which organization he was a past president. He 
loved to camp in the State Forests, to roam the hills 
studying trees and insects, and on many of these 
“vacations” took one of his daughters with him to 
share his fascination for the forest and the great 
out-doors. 
He was the first entomologist to use the airplane to 
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disperse insecticides for the control of insects and 
the first to direct such application against the ca- 
talpa hornworm which was devastating a grove in 
Miami County, Ohio, in the summer of 1926. 
Cooperating in this experiment was the military 
personnel at the then McCook Field, Dayton, 
Ohio. The hand cranked feeding device these men 
used to disperse their dust was indeed crude when 
compared with the method being followed today 


by biplanes and helicopters. 

He was a charter member of the Entomological So- 
ciety of America, a member of the American Asso- 
ciation for the Advancement of Science, and the 
Ohio Academy of Science, and had served as presi- 
dent of the North Central States Branch of the 
American Association of Economic Entomologists 
over which group he presided at their meeting at 
Des Moines, Iowa, in March 1947. 
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His devotion to the science of entomology and his 
desire to secure its proper recognition in the field of 
agriculture prompted him to work long hours on 
editorial and other assignments and to travel to 
important national and regional hearings and confer- 
ences in order to contribute his best efforts for the 
advancement of the profession he served. His serv- 
ices to the agriculture of Ohio were given to his full 
capacity and often without regard for his energy and 
strength. No problem, however, difficult it appeared , 
was impossible of solution, as exemplified by the 
successful battle he waged against the apple flea- 
weevil and his determination to conquer the Oriental 
fruit moth with insecticides—a determination that 
has now been realized. 

He is the author of many scientific and popular 
entomological papers and contributed to the pro- 
grams of the Ohio State Horticultural Society of 
which he was a member. His best known publication 
is the Ohio Experiment Station Bulletin entitled: 
“Shade and Forest Tree Insects” which is used by 
working entomologists today—though published 
nearly 30 years ago. For a period of years he carried 
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out, in addition to his official duties, the manage- 
ment of an apple orchard owned by a company in 
which he was a stockholder. 

Outside of the field of entomology, Mr. Houser 
found time to be active in fraternal and civic organ- 
izations—being past president of the Wooster Ro- 
tary Club, cat active in the Masonic organization 
including the Knights Templar. He was an elder 
and an active worker in the First Presbyterian 
Church and a member of the Century Club of 
Wooster. 

He died suddenly on the night of June 25th at his 
home from the effect of a recurring heart attack 
from which he had been suffering for about two 
years. Only that day he had made a trip on forest 
insect investigation in a northeastern Ohio com- 
munity. His condition was known only to his closest 
friends and associates. His wife, Elizabeth, died in 
1941. He is survived by two daughters, Mrs. Chas. 
Kuthe of Birmingham, Michigan, and Mrs. David B. 
Robertson of Cleveland, Ohio, and by a brother and 
a sister, each living in Kansas. 

T. H. Parks 





Wernon Rapmond Haber, 1887-1947 


The tragedy of the passing of Dr. V. R. Haber on 
June 3, 1947 will greatly shock entomologists and 
friends throughout the country. He was a well 
trained teacher and his loss will be seriously felt by 
his friends and by The Pennsylvania State College 
where he was employed at the time of his death. 

Vernon Raymond Haber was born at Rossburg, 
Darke County, Ohio, December 10, 1887. He was 
the son of John F. and Margaret (Swinger) Haber. 
He attended the Greenville High School from 1906 
to 1908. In 1910 he entered Ohio State University 
where he served as assistant in Entomology and 
Zoology from 1912 to 1916, received his Bachelor 
of Science degree in 1914 and the degree of Master of 
Arts in 1916, Then he continued his studies in Zool- 
ogy and En tomology at Cornell University serving 
as a graduate assistant in General Biology until 1918. 
A year was spent at the University of Minnesota 
where he was an assistant in Entomology and Ani- 
mal Biology, at the same time he was employed as 
deputy nursery inspector. In 1919 Dr. Haber 
married Miss Julia Mosesel of Buffalo, N. Y., who 
later received her degree of Doctor of Philosophy 
from Cornell University. From 1920 to 1922 he was 
assistant State Entomologist at Raleigh, North 
Carolina. In 1923 he again attended Cornell Uni- 
versity where for two years he was employed in 
extension entomology and at the end of this period 
received the degree of Doctor of Philosophy in 
Zoology and Entomology. 

He was an outstanding Zoologist with a funda- 
mental training in this broad field and an intimate 
knowledge of the morphology and classification of 
insects. His accomplishments are little known ex- 
cept to those who worked close to him. During the 
past ten years he devoted most of his time to teach- 
ing and the study of the Orthoptera, especially the 
roaches. He compiled a wealth of information in 
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anticipation of the publication of an extensive series 
of papers dealing with this group. The first part, 
dealing with the roaches, was completed before his 
death but was not published. His publications are 
not numerous but they are scholarly and a credit to 
entomology. He has written various papers on the 
roaches especially those of Minnesota and Carolina. 
One of his most outstanding articles is, the blood of 
insects with special reference to the common 
household cockroach Blatella germanica, published 
in the Brooklyn Entomological] Society for 1926. At 
that time it was practically the only paper dealing 
with the blood of insects. 

In addition to the various entomological and 
scientific societies to which he belonged, he was a 
member of numerous honorary societies among 
which were, Sigma Xi, Pi Gamma Mu and Gamma 
Alpha and he also belonged to Delta Chi. He was 
an active member of the American Association of 
University Professors and served at one time as 
president of the local chapter. 
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His interest and enthusiasm in his work was con- 
tagious and stimulating to his associates. Students 
spoke in highest praises of his abilities and thorough- 
ness. He was always willing to help and never com- 
ae ye of the long hours devoted to his work. He 

ad a special liking for birds and kept pigeons as a 
hobby. Boys, girls and other groups en enjoyed 
his enlightening bird talks pe! were amused by his 
accurate and voluminous repertoire of bird calls. 

Dr. V. R. Haber was a man of integrity and fine 
ideals. His devotion to his wife, his home and his 
work was an inspiration to all who knew him in- 
timately. He was well liked by students and neigh- 
bors who were constant recipients of valuable ad- 
vice and assistance. He possessed a charm and indi- 
viduality which is rarely found in teachers today, 
The humor and personal experiences he injected into 
his lectures will remain precious memories to scores 
of men and women who came under his instruction. 

S. W. Frosr 





Corton States BRANCH 
AMERICAN AssoOcIATION OF Economic ENTOMOLOGISTS 


Proceedings of the Twenty-First Annual Meeting 
Buena Vista Hotel, Biloxi, Mississippi 
January 14, 15, 16, 1947 


The Twenty-First Annual Meeting of The Cotton 
States Branch of The American Association of Eco- 
nomic Entomologists was held in Biloxi, Mississippi, 
on January 14, 15, 16, 1947. These meetings were 
held in conjunction with the annua! meeting of The 
Association of Southern Agricultural Workers. Ap- 
proximately two hundred persons attended the ses- 
sions, including representatives from all eleven states 
constituting the Cotton States Branch territory, as 
well as representatives from Canada, eastern, mid- 
western, and pacific coast areas of the United States. 
Interest was maintained at a high level during all of 
the sessions, and the meetings have been hailed as 
excellent. 

Chairman R. C. Gaines called upon his storehouse 
of knowledge pertaining to cotton insects to present 
the chairman’s address which was exceptionally in- 
formative. 

The meetings were honored by the presence of 
Doctor Ernest N. Cory, President of The American 
Association of Economic Entomologists, Doctor 
Z. P. Metcalf, President of The Entomological 
Society of America, and Doctor Arthur Gibson, 
Past President of The American Association of Eco- 
nomic Entomologists. Doctor Metcalf is a past chair- 
man of The Cotton States Branch. These three 
prominent entomologists gave excellent addresses 
during the course of the meeting. 

The sessions included papers on pests of cotton, 
tobacco, sweetpotato, sugarcane, velvet bean, 
vegetables, and peaches; as well as papers dealing 
with mosquitoes, and termites. 

The general session on the afternnon of January 16 
proved to be one of the highlights of the meetings. 
Two symposia were held. One dealt with, “The Uses 
of the Newly Developed Insecticides in Pest Control 


in the South”; while the other was, “Airplane Appli- 
cations of Insecticides.”” Members of industry and 
specialists in all fields of research took active part in 
a vigorous discussion of these important topics. 
The committee on arrangements was as follows:— 
A. L. Hamner, Horace Gladney, E. W. Dunham, 
L. J. Padget, Manning Yeomans, Fitz James Bart- 
lett, and Charles F. Henderson, Chairman. A special 
committee on displays consisted of R. P. Colmer, 
*G. L. Bond, O. T. Guice, Jr., and Clay Lyle, Chair- 
man. The arrangements for the twenty-first annual 
meeting were exceptionally excellent and reflected 
credit upon Mr. Henderson and his associates. The 
members of Industry financially sponsored all enter- 
tainment which was thoroughly enjoyed during re- 
laxation periods. 


Business SESSIONS 


The first business session was held at 11:30 a.m. 
Wednesday, January 15. Chairman R. C. Gaines was 
presiding. The following were present: 


Abadie, L. F. Berry, N. O. 
Adams, J. F. Betts, Paul C. 
Alden, John C. Bigger, J. H. 
Allen, Norman Bissell, Theo. L. 
Allen, P. D. Bond, G. L. 
Allen, W. W. Bondy, Floyd F. 
Arant, F. S. Bone, R. 

Baker, W. A. Both, R. J. 
Barber, Ernest R. Broome, G. C. 
Bartlett, F. J. Bynum, E. K. 
Beatie, Russel H. Calhoun, S. L. 
Beck, W. D. Cassidy, T. P. 
Becnel, I. J. Clark, S. W. 
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Cochran, James H. 
Cochran, R. N. 
Cockerham, K. L. 
Colmer, R. P. 
Compton, C. C, 
Conner, J. T. 
Cory, E. N. 
Cousins, C. L. 


Crawford, Samuel, Jr. 


Creighton, John T. 
Crigler, J. L. 
Crutchfield, C. 
Davis, W. O. 
Dews, S. C. 

Deitz, Harry F. 
Dobrovsky, T. M. 
Douglas, N. L. 
Dougias, W. A. 
Dugas, A. L. 
Dunham, E. W. 
Dye, H. W. 
Edwards, G. L. 
Ebrensing, Alvin 


PROCEEDINGS 


Ivy, E. E. 
Johnston, H. R. 
Jones, M. P. 
Keiser, I. 
Kirkpatrick, W. H. 
Kislanko, J. P. 
Lee, Horace W. 
Lincoln, Charles 
arnag <P Erskine 
Lyle, Clay 
Degen, Douglas B. 
Mayeux, Herman 
Mayfield, Paul 
McCauley, W. E. 


McCreight, Warren T, 


McGehee, I. I. 
McGehee, T. F. 
McGregor, W. S. 
McMahan, E. O. 
Meadows, C. M. 
Metcalf, Z. P. 
Miller, Ralph 
Miller, R. C. 


Sbanklin, J. A. 
Siddall, Cameron 
Simmons, S. W. 
Skaptason, J. B. 
Smith, B. J. 
Smith, C. E. 
Smith, F, A. 
Smith, Willie R. 
Snapp, Oliver I. 
Stevenson, M. B. 
Stiles, C. F. 
Stiles, H. R. 
Strand, T. P. 


Swank, George R. 


Tandy, Clyde 
Thomas, F. L. 
Tingle, J. P. 
Todd, J. N. 


oe James 
Van Horn, M. C. 


Walker, Robert L. 
Warner, Rose Ella 
Waters, H. H. 
Weil, P. E. 
Weinman, Carl J. 
Wene, George 
Whitfield, D. A. 
Wipprecht, Read 
Wood, John 
Woodbury, E. N. 
Wright, F. A. 
Yeomans, M. S. 
Young, B. J. 
Young, Hiram C. 
Young, M. T. 


Le ng James E. 


Chairman Gaines called for a report of the Secre- 
tary-Treasurer. The report follows: 


Millet, Ed 
Milton, Jack 
Mitchell, H. B. 
Moore, J. C. 
Murphree, L. C. 
Nation, Hoyt A. om: 
Nettles, W. C 

Normant, A. G. 

Oliver, G. W. 

O’ Neal, Emory 

Padget a aS  * Duss am and registration fees. Total 82 @ ide 
Palmer, Clyde W. Raahkaoertnak from parent organ- : 
Payne, Arch ization for Branch Expenses 59.18 


Peesbergen, N. 


REPORT OF THE SECRETARY-TREASURER 


Funds Received 
Nov. 13, 1945 Amount on hand in savings 
Nov. 13, 1945 Amount in Godns Account, Uni- 
1, 1947 MS. yee 
on in sa 
ment of First National Bask at At- 
lanta, Georgia from July 1, 1945 to 
January 1, 1947 
Balance of contribution from Free- 
port Sulfur Company 


Erving, K. P. 
Evans, D. L., Jr. 
Evans, J. A. 
Evans, W. S. 

Fay, R. W. 
Ferguson, George R. 
Fletcher, Fred 
Floyd, Ernest H. 
Gaines, J. C. 
Gaines, R. C. 
Galloway, A. L. 
Gibson, A. 

Gibson, John 
Glandy, Horace 
Goldberg, Melvin 
Goodgame, L. J. Peet, N. D. 

Graham, Lewis T. Quarterman, K. D. 
Green, J. F. Rainwater, Clyde F. 
Green, Jno. I. Rapp, F. U. 

Guice, O. T., Jr. Reno, P. J. 

Hamner, A. L. Riggins, W. C. 
Harris, J. A. Rodd, J. C. 

Heal, Ralph Rogers, Andrew J. 
Heckathorn, E. S. Rosborough, J. F. 
Heerd, W. R. Roussel, John S. 
Henderson, Charles F. Rowal, R. Joseph 
Henderson, Wilmo Rowe, W. Mercer, Jr. 
Hood, R. V. Rushing, Euland M. 
Horsfall, J. L. Russell, J. C 
Houston, G. M. Sanders, J. G. 
Ingram, J. W. Secrest, Herbert C. 


Copies of War Conference proceed- 
ings—18 copies 


Total Funds Received 


Balance on hand, January 10, 1947 


This report was approved by the auditing com- 
mittee consisting of C. F. Rainwater, W. A. Douglas, 
and A. L. Dugas. 

The following were elected to serve during the 
year 1947-1948: Dwight Isley, Chairman, E. F. 
Bondy, Vice-Chairman. The term of office of the 
Secretary-Treasurer does not expire until 1948. 

Joun T. CREIGHTON 
Secretary-Treasurer 
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Paciric SLopE BRANCH 
AMERICAN ASSOCIATION OF Economic ENTOMOLOGISTS 
Proceedings of the.31st Annual Meeting 
1947 


The Slst annual meeting of the Pacific Slope 
Branch was held at the Hotel Claremont, Berkeley, 
California, on June 22-25, 1947. 

Chairman M. A. Stewart presided at all sessions. 
After a brief business session, at which President 
Cory discussed Association affairs and committees 
were appointed, invitational papers were presented 
by F. G. Holdaway, T. C. Allen, and H. M. Armi- 
tage. 

The Tuesday morning session was devoted to the 
subject of the “Relation of Chemical Control to 
Beneficial Insects,” with invitational papers by 
Harry S. Smith, Ray Smith, W. J. O'Neill, and Paul 
De Bach. 

At the Wednesday morning session “‘New Insecti- 
cides” were discussed by W. M. Hoskins, H. L. 
Haller and Robert Metcalf. 

Other sessions were devoted to the presentation of 
papers by various members on many entomological 
subjects. Altogether, 45 papers were presented dur- 
ing the meetings. 

The banquet was held on Tuesday evening, after 
which an excellent program of entertainment was 
furnished by members of the Insecticide industry. 

Reports of Committees were made at the final 
business session, and were accepted by unanimous 
vote. 


TREASURER’S REPORT 
1946-47 


Balance in bank, July 1, 1947 

Refund on 1944-46 expenses.............. 

Deficit on 1944-46 expenses 

Oct. 9, 1946 from 
June meetings 

Interest 

Ent. Club of So. Cal. loud 
speaker and projection 


“ey 

Ent. Club of So. Cal. loud 
speaker and projection 
equipment 

Postage stamps 

Multigraphing and mailing 
notice of meeting, return 
post cards, and forms for 


tntertainment Fund, 
Jan. 1, 1947 
Jan. 3, 1947 
Jan. 23, 1947 


Jan. 23, 1947 
Apr. 27, 1947 


titles 
Additional postcards 
Postage stamps........... 


May 1, 1947 
June 5, 1947 


Total expense 
Balance on hand, 6/20/47 


Roy E. Campsetuz, Treasurer 


Audited by: 
Harry S. Smita 
A. F. Kirkpatrick 
June 25, 1947 


REPORT OF THE RESOLUTIONS 
CoMMITTEE 


The Committee on Resolutions wishes to present 
the following report: 

1. Whereas the members of the Pacific Slope 
Branch of the American Association of Economic 
Entomologists, in attendance at the 31st annual 


meeting of this branch held in Berkeley on June 23, 
24, and 25, 1947, have enjoyed a very profitable and 
successful meeting, and are deeply grateful to vari- 
ous agencies and organizations which have made this 
possible, be it therefore resolved that thanks be ex- 
tended to— 

(a) The local Committee on Arrangements, in- 
cluding E. T. Doyle, Chairman, Frank A. Brown, 
A. J. Flebut, S. B, Freeborn, and Wallace Durham, 
for their careful and thorough planning. 

(b) The Program Committee, including E. Gor- 
ton Linsley, Chairman, Ray F. Smith, Glenn E. 
Carman, and R. L. Webster, for their successful ef- 
forts in arranging the very interesting and valuable 
program. 

(c) The industrial and commercial concerns for 
the delightful entertainment and friendly cocktail 
hour, and for secretarial assistance. 

(d) The Entomological Club of Southern Cali- 
fornia for the generous loan of part of their public 
address system and projection equipment, and also 
to those who operated this equipment. 

(e) The management of the Claremont Hotel for 
their courtesies in providing a suitable meeting 
place. 


Be it Further Resolved: 


2. That since the organization is becoming so 
large, there appears to be a need for reviewing the 
type of programs to be presented at future meetings 
with serious consideration being given to the sym- 
posium and sectional types of program, and it is 
recommended that the Program Committee be 
guided accordingly. 

Furthermore, in view of the expressed need, it is 
suggested that increased encouragement be given to 
workers in the field of fundamental and basic 
entomological research to present the results of their 
work at these meetings. 

It is also recommended that further attention be 
given to definitely limiting the speakers’ time at 
future meetings, as has been so effectively accom- 
plished during the present session, and to encourage 
more active and thorough discussion periods. 

3. That approval be given the action of the cur- 
rent committee in establishing a registration fee for 
branch meetings, with the recommendation that this 
policy be continued. 

4, That the dues of the parent association be in- 
creased, to not to exceed 10 dollars annually, to per- 


mit: 

(a) Increased facilities for speedy publication of 
the results of current research. 

(b) A broadening of Journal policy to allow a 
wider and more extensive range of subject matter 
fundamental] to economic entomology. 

(c) A larger and more complete Journal publica- 
tion, and to meet the increased publication costs 
which have more than doubled. 

5. That the Editorial Committee be requested to 
accept otherwise satisfactory papers, even though 
one co-author is not a member. 

6. That in view of the increased dues which, if 
established, would aid in meeting the increased costs 
of publication (as proposed under “4.” above), that 
the policy of distributing the “Index of American 
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Economic Entomology” to active members be con- 
tinued at a nominal charge not to exceed one dollar, 
to avoid distribution to individuals not directly in- 
terested in its content. 

7. That the Chairman of the Branch appoint a 
Publications Committee whose duty would involve 
providing for publication of the papers, or abstracts 
thereof, presented at the annual branch meetings. 

It is recommended that this Publications Commit- 
tee also establish public relations with the press to 
insure proper coverage of the meetings. 

8. That while the need for retrenchment in Fed- 
eral expenditures is recognized, it is hoped that care- 
ful thought will be given by the proper authorities 
before any serious reduction is made in funds affect- 
ing fundamental entomological research or service. 

Respectfully submitted, 
H. M. Armitage, Chairman 
Epwarp A. STEINHAUS 
A. W. Lixvauist 
Berkeley, California 
June 25, 1947 


Report OF COMMITTEE TO SELECT 
MEETING PLACE IN 1948 


“We recommend that the meeting for 1948 be 
held in Vancouver, B. C., on June 16, 17, and 18, 
at the Hotel Vancouver. This hotel has agreed to 
accommodate us on those dates.” 

Wo. J. O’Nety, Chairman 
Wa. J. F. Francis 

Cuas. F. DoucetrEe 
STANLEY FLANDERS 

Roy E. CaMpBELL 


Report oF NOMINATING 
COMMITTEE 


Chairman: Wa. J. O’Ne1Lx, Wenatchee, Washing- 
ton 
Vice-Chairman: J. W. Roney, Phoenix, Arizona 
Secretary-Treasurer: Roy E. Camppe.yt, Alham- 
bra, California 
Don C. Morte, Chairman 
E. T. Doyle 
A. M. Boyce 


Chairman Stewart announced the appointment of 
John E. Davis to the Committee on Popularizing 
Entomology. 

It was moved and carried that any surplus from 
the entertainment funds collected this year be 
turned over to the Treasurer to be earmarked for 
the use of the entertainment committee at next 
year’s meeting. 


The total registered attendance was 295, with the 
following members present: 


T. C. Allen, Madison, Wis. 

H. M. Armitage, Sacramento, Calif. 
Oscar G. Bacon, Berkeley, Calif. 
Stanley Bailey, Davis, Calif. 

Dwight F. Barnes, Fresno, Calif. 
Martin M. Barnes, Riverside, Calif. 
Blair R. Bartlett, Riverside, Calif. 
Russell H. Beatie, New York, N. Y. 
Richard N. Bohart, Davis, Calif. 
Clifford J. Boissonou, Concord, Calif. 
Chas. H. Bowen, San Jose, Calif. 


A. M. Boyce, Riverside, Calif. 
Arthur N. Bronson, Van Nuys, Calif. 
Gary T. Brown, San Francisco, Calif. 
Ashley C. Browne, Palo Alto, Calif. 
J. Everett Bussart, Chicago, III. 

A. C. Caldwell, Richmond, Calif. 
Roy E. Campbell, Alhambra, Calif. 
Earl W. Cannon, San Jose, Calif. 
Elmer C. Carlson, Davis, Calif. 
Glenn E. Carman, Riverside, Calif. 
George F. Carter, Richmond, Calif. 
Carroll C. Cassil, Berkeley, Calif. 
Wn. F. Chamberlain, Berkeley, Calif. 
Leroy D. Christenson, Washington, D. C. 
S. W. Clark, Houston, Texas 

Ernest N. Cory, College Park, Md. 
George W. Coffman, Turlock, Calif. 
C. E. Cooley, San Francisco, Calif. 
Roderick Craig, Berkeley, Calif. 
John E. Davis, Salem, Ore. 

Paul De Bach, Riverside, Calif. 

E. R. de Ong, Albany, Calif. 

R. C. Dickson, Riverside, Calif. 
Harold Dodge, San Jose, Calif. 

S. C. Dorman, Modesto, Calif. 
Charles F. Doucette, Sumner, Wash. 
Richard L. Doutt, Albany, Calif. 

E. T. Doyle, San Francisco, Calif. 
Paul F. Dresher, Emeryville, Calif. 
Charles E. Duggan, La Verne, Calif. 
H. W. Dye, Middleport, N. Y. 
Walter Ebeling, Los Angeles, Calif. 
R. D. Eichmann, Pullman, Wash. 
John C. Elmore, Alhambra, Calif. 

E. O. Essig, Berkeley, Calif. 

W. H. Ewart, Riverside, Calif. 
Eugene N. Fels, Santa Monica, Calif. 
Alfred Fenton, Houston, Texas 
George R. Ferguson, New York, N. Y. 
Curtis A. Ferris, San Jose, Calif. 
Stanley E. Flanders, Riverside, Calif. 
A. J. Flebut, Berkeley, Calif. 

Albert M. Foster, San Jose, Calif. 

S. B. Fracker, Washington, D. C. 
Wm. J. F. Francis, Tacoma, Wash. 
Norman W. Frazier, Berkeley, Calif. 
Stanley B. Freeborn, Berkeley, Calif. 
J. H. Freitag, Berkeley, Calif. 

Deane P. Furman, Berkeley, Calif. 
L. W. Garner, Berkeley, Calif. 

L. G. Gentner, Medford, Ore. 

Paul D. Gerhardt, Riverside, Calif. 
Leon C. Glover, Modesto, Calif. 

R. S. Glover, San Francisco, Calif. 
F. A. Gunther, Riverside, Calif. 

H. L. Haller, Washington, D. C. 
Clarence A. Hamsher, Walnut Creek, Calif. 
Lester W. Hanna, Hillsboro, 

Roy Hansberry, Modesto, Calif. 
James W. Hansen, Richmond, Calif. 
Robt. W. Harper, San Francisco, Calif. 
Lewis P. Harris, Oakland, Calif. 

W. B. Herms, Berkeley, Calif. 

F. G. Holdaway, Honolulu, T. H. 

J. K. Halloway, Albany, Calif. 

W. M. Hoskins, Berkeley, Calif. 
Carl B. Huffaker, Albany, Calif. 
Henry Hurtig, Berkeley, Calif. 

R. N. Jefferson, Los Angeles, Calif. 
D. D. Jensen, Berkeley, Calif. 

Lee R. Jeppson, Riverside, Calif. 
Esler Johnson, San Francisco, Calif. 
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Laurence S. Jones, Riverside, Calif. 
Paul R. Jones, Piedmont, Calif. 

S. C. Jones, Corvallis, Ore. 

Wm. L. Jonson, Pasadena, Calif. 

J. F. Kagy, Seal Beach, Calif. 

F. P. Keen, Berkeley, Calif. 

Geo. S. Kido, Madison, Wis. 

Chas. H. Kinsley, San Francisco, Calif. 
A. F. Kirkpatrick, Monrovia, Calif. 
Blaine Konkright, Salinas, Calif. 

R. B. Korsmeier, Seal Beach, Calif. 
Gordon B, Laing, Oakland, Calif. 

J. R. LaFollette, Whittier, Calif. 
Victor K. La Mer, New York, N. Y. 
John F. Lamiman, San Dimas, Calif. 
W. Harry Lange, Davis, Calif. 

Allen B, Lemmon, Sacramento, Calif. 
Harold C. Lewis, Whittier, Calif. 
David Lindgren, Riverside, Calif. 
Arthur W. Lindquist, Corvallis, Ore. 
D. H. Little, San Francisco, Calif. 
Erwin S. Loeffler, Martinez, Calif. 

G. F. MacLeod, Fresno, Calif. 

Chas. H. Martin, Corvallis, Ore. 
Stanley M. Mather, Berkeley, Calif. 
Kenneth Maxwell, Concord, Calif. 

A. L. Melander, Riverside, Calif. 
Robt. L. Metcalf, Riverside, Calif. 

A. E. Michelbacher, Berkeley, Calif. 
Woodrow Middlekauff, Berkeley, Calif. 
V. H. Montgomery, San Francisco, Calif. 
Stephen R. Morgan, Sacramento, Calif. 
Don C. Mote, Corvallis, Ore. 

W. J. O'Neill, Wenatchee, Wash. 

Jack Ortega, Riverside, Calif. 

H. T. Osborn, Los Gatos, Calif. 

W. B. Parker, Placerville, Calif. 

C. O. Persing, San Francisco, Calif. 

J. K. Primm, Watsonville, Calif. 

O. Earl Pritchard, Berkeley, Calif. 
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Dewey J. Raski, Berkeley, Calif. 

L. A. Riehl, Riverside, Calif. 

R. H. Robinson, Corvallis, Ore. 
Wm. M. Rogoff, Riverside, Calif. 
James N. Roney, Phoenix, Ariz. 
Glenn F. Rouse, Berkeley, Calif. 

J. G. Sanders, New York, N. Y. 

E. A. Sasscer, bee say D.C. 
Joe Schuh, Gresham, Ore. 

O. H. Schwab, Modesto, Calif. 
David B. Scott, Jr., Niles, Calif. 

H. A. Scullen, Corvallis, Ore. 

W. A. Simanton, San Francisco, Calif. 
Perez Simmons, Fresno, Calif. 

Al. Skow, Salinas, Calif. 

Gordon L. Smith, Berkeley, Calif. 
Harry S. Smith, Riverside, Calif. 
Leslie M. Smith, Davis, Calif. 

Ray F. Smith, Berkeley, Calif. 

E. M. Stafford, Davis, Calif. 

Neal W. Stanger, Richmond, Calif. 
E. R. Stanton, San Jose, Calif. 
Charles H. Starker, Portland, Ore. 
Edward A. Steinhaus, Berkeley, Calif. 
M. A. Stewart, Berkeley, Calif. 

M. W. Stone, Ventura, Calif. 
Warren N. Stoner, Berkeley, Calif. 
T. P. Strand, Richmond, Calif. 
Albert F. Swain, Los Angeles, Calif. 
B. G. Thompson, Corvallis, Ore. 

P. H. Timberlake, Riverside, Calif. 
R. L. Usinger, Berkeley, Calif. 

J.D. Vertrees, N. Portland, Ore. 

G. Edwin Washburn, Turlock, Calif. 
M. F. Wharton, Phoenix, Ariz. 
Joseph Wilcox, Alhambra, Calif. 
Frank E. Wilson, Walnut Creek, Calif. 
R. S. Woglum, Los Angeles, Calif. 
E. N. Woodbury, Wilmington, Del 
Robert A. Zapf, Ventura, Calif. 





E1gutu INTERNATIONAL CONGRESS OF ENTOMOLOGY 


The eighth International Congress of Entomology 
will be held in Stockholm, Sweden, August 9-15, 
1948. The fact that all steamship sailings are cur- 
rently booked to capacity for months in advance 
makes it seem necessary for those expecting to at- 
tend the congress in 1948 to arrange for passage as 
early as possible. Steanship companies have not 
issued sailing lists for 1948, but expect to do so in 
the early fall. A number of lines have listed sailings 
for the present season, among them, the Cunard, 
French, Belgian, Swedish, Norwegian, Gdynia (Po- 
lish), Holland-American, etc., the first mentioned 
expecting soon to have two new steamers in service. 
It is understood that the Thirteenth International 
Congress of Zoology will be held in Paris some time 
in July, 1948, and it is hoped that all entomologists 
going to Stockholm will plan to attend the Zoological 


Congress also in order that the interests of the 
entomologists may be fully represented before the 
more comprehensive body. Should a sufficient num- 
ber of individuals indicate that they expect to sail 
about mid June, it may be feasible to engage pas- 
sage on the same steamer. Early information as to 
the probable number of participants is especially de- 
sired in order that the housing committee in Stock- 
holm may make the necessary arrangements. The 
undersigned, as member of the executive committee, 
would appreciate it if he be kept informed as early 
as possible as to plans of those expecting to attend 
the sessions. 

O. A. JOHANNSEN, 

Comstock Hall, 

Cornell University 

Ithaca, N. Y. June, 1947 








